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4.2 Concept I1 

The 1450 l b  Concept I1 capsule  is designed t o  perform t h e  minimum mission 

This mission con- wi th in  t h e  nominal environment and f l e x i b i l i t y  c o n s t r a i n t s .  

sists of  e n t r y  and s u r f a c e  atmospheric  measurements, post-landed imaging and 

s o i l  composition measurements w i th  r e l a y  t ransmiss ion  of ten m i l l i o n  b i t s  of 

d a t a  during a one day s u r f a c e  l i f e t i m e .  

The capsule  mission inc ludes  a boost  and Earth o r b i t  phase,  an i n t e r -  

p l ane ta ry  phase,  and a Mars o r b i t  phase. 

o r b i t e r ,  performs a d e o r b i t  maneuver, descends and e n t e r s  t h e  atmosphere. 

T ra j ec to ry  parameters f o r  a t y p i c a l  mission are presented  i n  Table 4.2-1. 

parachute  and a t h r e e  engine t h r o t t l e a b l e  monopropellant propuls ion  system 

provide t h e  f i n a l  dece le ra t ion .  Af t e r  landing ,  t h e  thermal environment i s  

The capsule  then s e p a r a t e s  from t h e  

A 

\r maintained by a combination of e l e c t r i c a l  h e a t e r s ,  a phase-change h e a t  s i n k ,  

and i n s u l a t i o n .  

P r i o r  t o  d e o r b i t  of t h e  capsule ,  a l l  c r i t i c a l  systems are s e q u e n t i a l l y  

a c t i v a t e d  f o r  test under t h e  c o n t r o l  of t h e  c e n t r a l  computer and sequencer  

(CC&S). 
those  which can be performed a f t e r  t h e  i n s e r t i o n  of t h e  capsule  i n t o  t h e  ster- 

i l i z a t i o n  c a n i s t e r .  These tests begin s e v e r a l  hours be fo re  t h e  a c t u a l  separa-  

t i o n  sequence and inc lude  checkout of such systems as the  landing and altimeter 

r ada r s ,  t h e  guidance system, the telecommunications, and t h e  propuls ion  system. 

Data obta ined  during t h i s  test is  t r ansmi t t ed  from t h e  capsule  by means of t h e  

capsule  r e l a y  t ransmiss ion  system t o  t h e  o r b i t e r  d a t a  system f o r  a subsequent 

t ransmission t o  t h e  Earth.  These tests and s e p a r a t i o n  of t h e  forward p o r t i o n  

of t h e  s t e r i l i z a t i o n  c a n i s t e r  are performed i n  s u f f i c i e n t  t i m e  t o  a l low 

a n a l y s i s  of t h e  r e s u l t s  by ground opera t ions  personnel  and t ransmiss ion  of 

c o r r e c t i v e  commands o r  memory updating information t o  the  capsule  be fo re  de- 

o r b i t .  

immediately involved i n  t h e  d e o r b i t  and descent  ope ra t ions  and inc lude  t h e  

alignment of t h e  capsule  i n e r t i a l  re fe rence  u n i t .  

A f i r s t  level systems test  w i l l  be performed which i s  comparable t o  

These tests culminate  i n  t h e  f u l l  a c t i v a t i o n  of a l l  capsule  systems 

The capsule  i s  r e l e a s e d  pyro technica l ly  from t h e  o r b i t e r .  The capsule  
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TABLE 4.2-1 

NOMINAL TRAJECTORY 

0 LAUNCH 
DATE 
VIS VIVA ENERGY, C3 

0 ARRIVAL 
DATE 
FLIGHT TIME, T F  
HYPERBOLIC EXCESS VELOCITY, VHP 

0 ORBIT (POSIGRADE NORTH) 
SIZE 
INCLINATION, i 
ASCENDING NODE, Q 
ARGUMENT OF PERIAPSE, w 
INSERTION VELOCITY INCREMENT, AV 
PERIAPSE ROTATION ANGLE, p 

D1 0 DEORBIT 
TRUE ANOMALY, ODO 
VELOCITY INCREMENT, AV 
DEFLECTION ANGLE, 6 
DESCENT TIME 

19 SEPT 1973 (TYPE I )  
44.06 K M ~ S E C ~  

17 MAY 1974 
240 DAYS 
2.86 KM/SEC 

SYNCHRONOUS (1000-33 124 KM ) 
60' 
291.3' (EQUATORIAL, MARS EQUINOX) 
114.5 
2.1 KM/SEC 
66' 

214' 
361.3 FT/SEC 
+ 25.7' 
3.4 HRS 

0 ENTRY (800 000 FT  ALTITUDE) 
VELOCITY, V, 15 110 FT/SEC 
FLIGHT PATH ANGLE, ye - 16' 
TRUE ANOMALY, e, 331.6 
CAPSULE LEAD ANGLE, he, 5.35O 

0 TERMINAL DECELERATION 
PARACHUTE DEPLOYMENT ALTITUDE 
ALTITUDE AEROSHELL IMPACT (VM-7) 
TERMINAL PROPULSION INITIATION 6500 FT  

23 000 F T  
5000 TO 6000 FT  

0 LANDING 
SOLAR ANGLE, rs 
LATITUDE, 6 
CENTRALANGLE FROMENTRY 
TIME FROM ENTRY 
LANDING TRUE ANOMALY 
ORBITER TRUE ANOMALY 

(34' GROUND SLOPE) 
POST-LANDED VIEW TIME 

4.2-2 

60' 
lO'N 
16.8' 
440 SEC 
348' 
348' 
300 SEC 



a t t i t u d e  c o n t r o l  jets provide s u f f i c i e n t  impulse t o  achieve t h e  d e s i r e d  physi- 

cal  s e p a r a t i o n  between t h e  capsule  and o r b i t e r  p r i o r  t o  d e o r b i t  i g n i t i o n .  

During t h i s  per iod ,  t h e  capsule  i n e r t i a l  r e f e rence  u n i t  is  commanded by t h e  

computer t o  r o t a t e  t o  t h e  c o r r e c t  a t t i t u d e  f o r  t he  d e o r b i t  maneuver. During 

t h i s  phase,  a t t i t u d e  c o n t r o l  l i m i t s  of 0.25 degrees  are maintained. Transmis- 

s i o n  of engineer ing d a t a  from t h e  capsule  dur ing  t h i s  and subsequent phases is  

achieved by means of  r e l a y  t ransmiss ion  t o  t h e  o r b i t e r  a t  a rate of approxi- 

mately 4000 b i t s  p e r  second. 

A f t e r  achieving t h e  c o r r e c t  s e p a r a t i o n  from t h e  o r b i t e r  and t h e  proper  

a t t i t u d e  f o r  t h e  d e o r b i t  maneuver, i g n i t i o n  i s  commanded by the  sequencer.  

The v e l o c i t y  increment i s  measured by t h e  l o n g i t u d i n a l  accelerometer  i n  t h e  

guidance and c o n t r o l  system, and t h e  deo rb i t  motor shutdown i s  i n i t i a t e d  by t h e  

guidance computer when t h e  requi red  v e l o c i t y  is  a t t a i n e d .  A backup command f o r  

motor shutdown is  provided by t h e  sequencer a t  the  end of a p r e s e t  t i m e  i n t e r -  

va l .  

'i 

The magnitude and d i r e c t i o n  of t h e  d e o r b i t  maneuver are chosen t o  provide 

the  des i r ed  e n t r y  f l i g h t  pa th  angle  and t o  i n s u r e  t h a t  a t  t h e  t i m e  of e n t r y  

t h e  o r b i t e r  l a g s  t h e  capsule  by 5' t r u e  anomaly. 

Immediately a f t e r  t h e  d e o r b i t  maneuver, t h e  capsule  guidance system 

i n i t i a t e s  a maneuver t o  p l a c e  t h e  capsule  i n  t h e  proper  i n e r t i a l  a t t i t u d e  f o r  

the  e n t r y  phase.  Af t e r  t h i s  i s  accomplished, t h e  a t t i t u d e  c o n t r o l  i s  opera ted  

i n  a 3" deadband l i m i t  mode. 

mode. The capsule  holds  t h i s  a t t i t u d e  throughout t h e  subsequent 3 t o  10 hour 

descent  per iod.  Relay t ransmiss ion  of engineer ing parameters a s soc ia t ed  wi th  

t h e  capsule  environment and guidance equipment cont inues  t o  b e  t r ansmi t t ed .  

The gyros cont inue t o  ope ra t e  i n  an  a t t i t u d e  hold 

A t  an  a l t i t u d e  of approximately 800 000 f e e t  (preprogrammed t i m e  i n i t i a -  

t i o n )  t h e  sequencer activates c r i t i c a l  capsule  e n t r y  systems. This  i nc ludes  

a c t i v a t i o n  of t h e  r ada r  alt imeter,  e n t r y  sc i ence  ins t ruments ,  and a change i n  

the  capsule  te lemet ry  d a t a  format f o r  en t ry .  A t  t he  po in t  of s e n s i b l e  atmos- 

phe r i c  con tac t ,  .05g l o n g i t u d i n a l  dece le ra t ion ,  t he  c o n t r o l  t r a n s f e r s  t o  a 

rate damping mode i n  t h e  p i t c h  and yaw axes t o  i n s u r e  s t a b i l i t y  during en t ry .  

The r o l l  a x i s  c o n t r o l  cont inues t o  ope ra t e  i n  an  a t t i t u d e  hold mode t o  i n s u r e  

proper  o r i e n t a t i o n  of t h e  r ada r  altimeter antenna. 
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Shor t ly  a f t e r  e n t r y ,  i o n i z a t i o n  blackout  may i n t e r f e r e  wi th  r e l a y  communica- 

t i o n s  f o r  a pe r iod  as long as 150 seconds. 

obtained during t h i s  pe r iod ,  a c o r e  da t a  s t o r a g e  b u f f e r  is used t o  de lay  a l l  

engineer ing and s c i e n c e  d a t a  by an  amount equal  t o  t h i s  expected blackout  

dura t ion .  

t i m e  t o  i n s u r e  f u l l  recovery of a l l  da ta .  

begin d a t a  a c q u i s i t i o n  a t  a n  a l t i t u d e  of approximately 200 000 f t .  

s i g n a l  from t h e  r a d a r  altimeter w i l l  i n i t i a t e  parachute  deployment a t  an  a l t i -  

tude of approximately 23 000 f e e t .  The a t t i t u d e  c o n t r o l  system is deac t iva t ed  

a t  t h i s  po in t .  The a e r o s h e l l  is re l eased  from t h e  l ande r  s h o r t l y  af ter  para- 

chute  deployment and allowed t o  f a l l  clear of t h e  veh ic l e .  A t  t h i s  p o i n t  t he  

landing r ada r  system is  enabled; r ada r  a c q u i s i t i o n  may occur ,  b u t  i t s  continu- 

ous ope ra t ion  is  n o t  requi red  p r i o r  t o  parachute  release. The parachute  descent  

phase is chosen t o  be s u f f i c i e n t l y  long t o  i n s u r e  t h a t  near  te rmina l  v e l o c i t y  is 

achieved by t h e  parachute ,  and t o  in su re  s u r f a c e  impact of t h e  a e r o s h e l l  p r i o r  

t o  t h e  t i m e  t h a t  landing r ada r  ope ra t ion  i s  requi red .  

To i n s u r e  t h e  f u l l  recovery of d a t a  

I n  t h i s  manner, d a t a  is t r ansmi t t ed  both i n  real t i m e  and delayed 

The r a d a r  altimeter w i l l  normally 

The marking 

- 

During t h i s  per iod  t h e  guidance and c o n t r o l  system is  opera ted  i n  a 

s o f t  caging mode. This provides  a b e s t  e s t i m a t e  of t h e  t r u e  f l i g h t  pa th  

d i r e c t i o n  and averages t h e  e f f e c t  of n a t u r a l  o r  g u s t  induced parachute  o s c i l l a -  

t i ons .  

t h e  parachute  is  then  r e l eased  on t h e  b a s i s  of t h e  marking s i g n a l  from t h e  

r ada r  altimeter a t  an a l t i t u d e  of approximately 6500 f e e t .  The guidance and 

c o n t r o l  system then commands t h e  v e h i c l e  t o  t h e  prev ious ly  determined nominal 

f l i g h t  pa th  d i r e c t i o n  t o  provide a favorable  o r i e n t a t i o n  f o r  landing r a d a r  

a c q u i s i t i o n .  

The te rmina l  descent  engines  are i g n i t e d  t o  s t a b i l i z e  t h e  v e h i c l e  and 

A f t e r  landing r ada r  a c q u i s i t i o n  occurs ,  t h e  v e h i c l e  is o r i e n t e d  t o  a l i g n  

t h e  l o n g i t u d i n a l  a x i s  wi th  t h e  v e l o c i t y  v e c t o r  as determined by t h e  landing 

radar .  

t h e  r a d a r  and t h e  i n e r t i a l  r e f e rence  u n i t  provides  a t t i t u d e  rate damping t o  t h e  

system, The v e h i c l e  holds  t h i s  a t t i t u d e  and t h e  engines  are t h r o t t l e d  t o  pro- 

v ide  t h e  cons tan t  .8g a c c e l e r a t i o n  as measured by t h e  l o n g i t u d i n a l  accelerometer  

i n  t h e  guidance system. 

During t h i s  phase primary a t t i t u d e  c o n t r o l  information i s  der ived from 
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The v e h i c l e  cont inues  i n  t h i s  mode u n t i l  i n t e r c e p t  of a v e l o c i t y - a l t i t u d e  

c o n t r o l  l i n e  which i s  s t o r e d  i n  t h e  guidance computer. 

engines are t h r o t t l e d  t o  provide t h e  requi red  a c c e l e r a t i o n  t o  keep t h e  v e h i c l e  

on t h i s  f l i g h t  p r o f i l e .  Control  information i n  t h i s  phase is  based on landing  

r ada r  measured s l a n t  range and t o t a l  ve loc i ty .  It i s  used t o  compute a t t i t u d e  

and a c c e l e r a t i o n  commands t o  t h e  engines.  Actual  v e h i c l e  a c c e l e r a t i o n  is  

measured by t h e  l o n g i t u d i n a l  accelerometer .  Throughout t h i s  phase,  t h e  v e h i c l e  

maintains  an a t t i t u d e  which p l aces  t h e  t o t a l  v e l o c i t y  v e c t o r  co inc ident  wi th  

t h e  r o l l  axis. The v e h i c l e  cont inues down t h i s  f l i g h t  pa th  t o  a p o i n t  of 

approximately 50 f t  a l t i t u d e  a t  a v e l o c i t y  of 10 f t  p e r  sec. A t  t h i s  p o i n t ,  

t h e  i n e r t i a l  a t t i t u d e  hold c o n t r o l  is i n i t i a t e d  and a cons tan t  10 f t  pe r  s e c  

descent  phase, as measured by t h e  r a d a r ,  is  begun. A t  an a l t i t u d e  of approxi- 

mately 10 f t ,  engine t h r u s t i n g  is terminated and t h e  v e h i c l e  descends t o  t h e  

s u r f  ace. 

A t  t h i s  p o i n t  t h e  

Immediately a f t e r  landing ,  t h e  s u r f a c e  payload i s  a c t i v a t e d  t o  begin a 

t ransmiss ion  of s u r f a c e  sc i ence  d a t a  t o  t h e  o r b i t e r .  

s e l e c t e d  s o  t h a t  t h e  o r b i t e r  is approximately overhead a t  t h e  t i m e  of landing.  

This cond i t ion  provides  approximately 4 minutes of  u s e f u l  communication t i m e  

from t h e  l ande r  t o  t h e  o r b i t e r  be fo re  loss  of v i s i b i l i t y  occurs .  This t i m e  is  

s u f f i c i e n t  t o  permit t ransmiss ion  of 6.4 x l o 6  b i t s  of d a t a  inc luding  f o u r  wide 

angle  images from t h e  low r e s o l u t i o n  f acs imi l e  camera, toge the r  wi th  i n i t i a l  

measurements of s u r f a c e  meteoro logica l  condi t ions .  This d a t a  t ransmiss ion  

occurs  a t  a rate of 41 600 b i t s  p e r  second. 

The e n t r y  t r a j e c t o r y  i s  

Af te r  completion of t h i s  t ransmiss ion  t h e  sequencer te rmina tes  t r a n s m i t t e r  

ope ra t ion  and t h e  payload systems begin normal d a t a  a c q u i s i t i o n  opera t ions .  

This i nc ludes  deployment of t h e  a lpha  spectrometer  f o r  a c a l i b r a t i o n  measurement 

cycle .  

wind are made every 15  minutes. 

f o r  later t ransmission.  A f t e r  t h e  a lpha  spectrometer  has  completed i t s  

c a l i b r a t i o n  measurement, t h i s  d a t a  is t r a n s f e r r e d  t o  co re  s torage .  

spectrometer  i s  then  lowered t o  t h e  s u r f a c e  t o  a l low it  t o  make a s u r f a c e  

composition measurement. 

The metero logica l  measurements of temperature ,  p re s su re ,  humidiLy and 

This d a t a  i s  then  s t o r e d  i n  a core  memory 

The a lpha  

The cyc le  of metero logica l  measurements cont inues 
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f o r  one f u l l  day wi th  d a t a  being accumulated i n  t h e  co re  s torage .  

The next  d a t a  t ransmiss ion  pe r iod  is i n i t i a t e d  and terminated by 

sequencer command and occurs  a t  t h e  ove r l igh t  of t h e  o r b i t e r  near i t s  

pe r i apse  p o i n t ,  approximately 24.6 hours a f t e r  landing. However, t h e  

unce r t a in ty  i n  t h e  t i m e  of o r b i t e r  v i s i b i l i t y  is  g r e a t e r  than  t h e  4 minutes 

requi red  f o r  d a t a  readout .  

data, i s  t r ansmi t t ed  completely every 4 minutes f o r  approximately 20 minutes.  

This i n s u r e s  a c q u i s i t i o n  of one complete set of d a t a  (10 

during i t s  o v e r f l i g h t .  During th i s  t ransmiss ion  i n t e r v a l ,  t h e  f acs imi l e  camera 

is opera ted  cont inuously and i t s  d a t a  is i n t e r l e a v e d  wi th  d a t a  from t h e  co re  

memory. Data read  from t h e  co re  memory i s  r e s t o r e d  i n  t h e  memory t o  a l low 

r e p e t i t i v e  t ransmiss ion  of t h e  same da ta .  Data t r ansmi t t ed  t o  t h e  o r b i t e r  is  

s t o r e d  on a t a p e  r eco rde r  mounted i n  t h e  o r b i t e r  f o r  later d i r e c t  t ransmiss ion  

t o  Earth.  

mission of t h e  lander  is  completed. However, t h e  cyc le  of d a t a  a c q u i s i t i o n  and 

t ransmiss ion  i s  continued u n t i l  b a t t e r y  capac i ty  is  exhausted. 

Therefore ,  a l l  s t o r e d  d a t a ,  as w e l l  as facsimile 

7 b i t s )  by t h e  o r b i t e r  

Following t h e  completion of t h i s  t ransmiss ion  i n t e r v a l  t h e  normal 
s 

The p r o b a b i l i t y  of mission success  depends on t h e  r e l i a b i l i t y  of t h e  

equipment t o  perform i n  t h e  des ign  environments and on t h e  capsu le ' s  invulner-  

a b i l i t y  t o  off-nominal condi t ions  which may be encountered. 

des ign  does n o t  i nc lude  redundant components. 

s e l e c t e d  t o  f a c i l i t a t e  concept comparison and t o  u l t ima te ly  a s s u r e  t h e  most 

e f f i c i e n t  approach t o  provide a h igh  r e l i a b i l i t y  capsule .  

approach f o r  t h e  VOYAGER Capsule Phase B design (see NASA CR 8 9 6 7 2 ) ,  i t  w a s  

determined t h a t  a gross  weight i nc rease  of  73 l b s  f o r  redundant components 

increased  r e l i a b i l i t y  f o r  performing a l l  func t ions  t o  . 7 1 .  A . 7 1  r e l i a b i l i t y  

f o r  t h e  Concept I1 capsule  could be  achieved by adding redundant components 

which would inc rease  t h e  capsule  weight about 52 l b s .  This increased  capsule  

weight w i l l  r e q u i r e  an  inc rease  i n  a e r o s h e l l  diameter  t o  about 11.1 f e e t  i n  

o rde r  t o  maintain a nominal deployment Mach number of 2 . 0 .  

capsule  i s  designed t o  su rv ive  i n  t h e  nominal environment. 

The Concept I1 

This  des ign  approach w a s  

I n  us ing  a similar 

The Concept I1 
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4.2.1 SYSTEM CONFIGURATION - The flight capsule consists of three major 
components : 

o Capsule 

o Sterilization Canister 

o Adapter 

The capsule, after separating from the orbiting flight spacecraft delivers 

the entry science into the Martian atmosphere and the lander to the surface of 

Mars. The interior arrangement of the capsule is shown in Figure 4.2.1-1; 

it includes equipment for: 

o Deorbit 

o Attitude Control 

o Entry 

o Descent 

o Landing 

The steriliz tion anister en loses the capsule and protects it again t 

recontamination from terminal sterilization until separation in Martian orbit. 

The adapter supports the capsule and sterilization canister for all 

ground handling,launch,and flight loads. 

A general arrangement of the flight capsule is shown in Figure 4.2.1-2 

and its relationship to the launch vehicle shroud (12.4 ft. diameter) is 

shown in Figure 4.2.1-3. 

The four basic structural modules that make up the flight capsule are the 

sterilization canister, adapter, aeroshell, and lander, (see Figure 4.2.1-4). 

These four structural modules, plus installed support systems, make up the 

total flight capsule. 

4.2.1.1 Sterilization canister. - The canister consists of two structures, 
each near hemispherical in shape. 
construction, stiffened by rings and external stringers. 

canisters are joined at the major diameter plane by a contained explosive 

separation device. This device, which is redundant, is sandwiched between the 

bolt flanges on the Forward and Aft canisters. A half inch blanket of 

Each structure is of aluminum semi-monocoque 

The Forward and Aft 

4.2.1- 1 
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LAUNCH ARRANGEMENT 
CONCEPT Ii 

148.80 DIA 
SHROUD 

I 140.80 
DY NAMlC ENVELOP E 

130.80 DIA 
A EROSHELL 
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I 
I 

- 
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m u l t i l a y e r  i n s u l a t i o n  i s  i n s t a l l e d  on t h e  e x t e r n a l  s u r f a c e  of both c a n i s t e r  

s e c t i o n s ,  wi th  a j o i n t  a t  t h e  c a n i s t e r  s epa ra t ion  plane.  

Equipment i n s t a l l e d  i n  t h e  canister, i n  a d d i t i o n  t o  t h e  release separ- 

a t i o n  device  inc ludes :  

o P res su r i z ing  and Venting 

o Electrical Power 

o I n f l i g h t  Checkout Programmer 

o Command Decoder 

o Telemetry/Instrumentation 

The p r e s s u r i z i n g  and vent ing  subsystem c o n s i s t s  of redundant vent valves 

t h a t  vent  t h e  c a n i s t e r  during ascent  and are c losed  by redundant d i f f e r e n t i a l  

. pres su re  switches;  redundant evacuat ion va lves  t o  vent  t h e  canister dur ing  

s t e r i l i z a t i o n  and during space f l i g h t ;  and two r e l i e f  valves. B io log ica l  

f i l t e r s  are i n s t a l l e d  i n  each va lve  t o  prevent  recontaminat ion through an 

open valve. 

The s t r u c t u r e  of t h e  c a n i s t e r  assembly p r o t e c t s  t h e  capsule  from recontam- 

i n a t i o n  a f t e r  leav ing  t h e  s t e r i l i z a t i o n  chamber. It completely enc loses  t h e  

capsule  t o  form a sea l ed  w a l l  aga ins t  microbia l  contamination. 

4.2.1.2 Adapter. - The adap te r  i s  made up of 16 tubu la r  aluminum t r u s s  

members, welded i n  a continuous r ing .  Members a l t e r n a t e l y  converge i n  a zig- 

zag p a t t e r n  a t  e igh t  a t t a c h  po in t s  on t h e  capsule  bus and a t  e i g h t  a t t a c h  

p o i n t s  on t h e  Aft  c a n i s t e r .  The adap te r  i s  a t t ached  t o  t h e  capsule  by e i g h t  

explos ive  b o l t s .  

The adap te r  suppor ts  t h e  capsule  f o r  a l l  ground handl ing,  launch, and 

f l i g h t  loads.  The adapter  is  designed t o  i n s t a l l  t h e  capsule  wi th in  t h e  canis-  

ter  without  access doors i n  t h e  a e r o s h e l l  o r  i n  t h e  c a n i s t e r .  

The only equipment mounted on t h e  adapter  i s  an image antenna and s t u b  

antenna. These are used t o  check ou t  t h e  capsule  subsystems. 

4 . 2 . 1 . 3  Aeroshel l .  - The a e r o s h e l l  i s  a s ingle-faced,  l o n g i t u d i n a l l y  

cor ruga ted  t i t an ium s t r u c t u r e  wi th  c losed  t r i a n g u l a r  r ings .  The nose s t r u c t u r e  

conta ins  an instrument  head which c o l l e c t s  gas samples and measures p re s su re  

and temperature.  The remainder of t h e  nose cap is  covered e x t e r n a l l y  wi th  a 

non-ablat ive material. (See  Figure 4.2.1-5). 
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The conic  segment of t h e  a e r o s h e l l  and t h e  upper r i n g  are covered ex ter -  

This  material i s  a foamed re in fo rced  methyl n a l l y  wi th  an a b l a t i n g  material. 

phenyl s i l i c o n e ,  f i l l e d  i n t o  honeycomb, and hard bonded t o  t h e  s t r u c t u r e '  

The suppor ts  f o r  mounting t h e  lander  i n  t h e  a e r o s h e l l  are i n s t a l l e d  on a 

s t r u c t u r a l  r ing .  Eight  bipods are a t t ached  t o  t h i s  r i n g  a t  t h e i r  base  and t o  

t h e  lander  s t r u c t u r e  a t  t h e i r  apex. Attachment a t  t h e  r i n g  inc ludes  t o r s i o n  

sp r ings  t o  r o t a t e  t h e  bipods outward upon l ande r  release. Attachment a t  t h e  

lander  i s  by explos ive  b o l t s  a t  f o u r  p o i n t s  and compression preloaded socke t s  

a t  four  o t h e r  po in t s .  

The r e a c t i o n  c o n t r o l  system i s  i n s t a l l e d  i n  t h e  a e r o s h e l l .  It i s  a cold 

gas p re s su r i zed  system, c o n s i s t i n g  of e i g h t  t h r u s t e r s ,  four  f o r  r o l l  c o n t r o l ,  

and r o l l  f o r  p i t c h  and yaw con t ro l .  

r i n g  a t  fou r  p l aces  90" apa r t .  Regulators ,  va lves ,  f i l t e r s ,  tank,  e t c .  are 

loca ted  i n  t h e  nose area below t h e  lander .  

w i th  t h e  sepa ra t ion  of t h e  capsule  from t h e  o r b i t e r .  F i r i n g  commands t o  t h e  

subsystem provide a t t i t u d e  c o n t r o l  during o r i e n t a t i o n ,  coas t ,  d e o r b i t  motor 

f i r i n g  and atmosphere en t ry .  

ra te  damping i s  provided. 

The t h r u s t e r s  are  mounted on t h e  base  

The subsystem opera t ion  begins  

During e n t r y  i n t o  t h e  Mars atmosphere a t t i t u d e  

4.2.1.4 Lander. - The lander  is composed of t h r e e  s t r u c t u r a l  elements:  

t h e  foot-pad, t h e  shock a t t e n u a t i n g  r ing ,  and t h e  base  platform.  (See 

Figure 4.2.1-6) . 
The footpad is made of t i t an ium sk in ,  r a d i a l  beams, and r ings .  Cutouts 

i n  t h e  lower s u r f a c e  al low f o r  f i r i n g  t h e  te rmina l  descent  engines.  

s t a b i l i z i n g  l e g s  are mounted f l u s h  i n  the  footpad and are s p r i n g  ac tua ted  and 

mechanically locked t o  s t a b i l i z e  t h e  system a f t e r  landing.  The landing r ada r  

antenna assembly is a t t ached  t o  t h e  lower s u r f a c e  and i s  crushed on impact. 

Three 

The impact a t t e n u a t o r  is  a cy l inde r  of c rushable  aluminum honeycomb such 

Trussgrid";  i t  i s  sandwiched between t h e  footpad and base  p la t form and I1 as 

crushes on impact. Eight pu l l ey  assemblies ,  equa l ly  spaced around t h e  periph- 

e ry ,  t i e  t h e  footpad and base  p la t form toge the r  prevent ing sepa ra t ion  during 

landing impact and f o r c i n g  t o t a l  a t t e n u a t o r  loading. 
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The base  p la t form is made up of e i g h t  equa l ly  spaced r a d i a l  t i t an ium 

I-beams, equa l ly  spaced r a d i a l l y  and i s  t h e  mounting base  f o r  t h e  s u r f a c e  pay- 

load,  and t h e  capsule  support  equipment (See F igure  4.2.1-7). 

The t h r e e  terminal descent  engines  are mounted on t h e  base  platform,  wi th  

t h e  nozz les  f l u s h  wi th  t h e  footpad. 

crushed during landing.  

base  platform. 

The nozz les  are f r a n g i b l e  and w i l l  be  

Terminal propuls ion system tankage is mounted on t h e  

The combined d e o r b i t  motor and parachute  support  s t r u c t u r e  i s  a t t ached  t o  

t h e  top of t h e  base  platform.  

The support  s t r u c t u r e  c o n s i s t s  of four  aluminum tubes t h a t  a t t a c h  a t  t h e  

upper end t o  a machined r ing .  This r i n g  suppor ts  t h e  d e o r b i t  motor, which i s  

- a t t ached  by t h r e e  b o l t s  t o  f a c i l i t a t e  t h r u s t  alignment.  The base  a t t a c h  p o i n t s  

of t h e  four  primary support  tubes c o n s i s t  of one explos ive  b o l t  and one shea r  

p i n  each. 

Below t h e  d e o r b i t  motor a t t a c h  r i n g  i s  another  s t r u c t u r a l  r ing .  The para- 

chute  c a n i s t e r  mounts on t h e  lander  c e n t e r l i n e ,  and a t t a c h e s  t o  the  lower r ing .  

The c a t a p u l t  loads  are reac t ed  by t h e  base p la t form through bear ing  of t h e  

parachute  c a t a p u l t  b a r r e l .  

There i s  an explos ive  b o l t  s epa ra t ion  j o i n t  j u s t  above t h e  lower r i n g  a t  

each of t h e  fou r  tubes.  Separa t ion  fo rce  i s  suppl ied  by energy s t o r e d  i n  com- 

p res s ion  sp r ings  a t  each b o l t .  These b o l t s  are a c t i v a t e d  t o  s e p a r a t e  t h e  

deo rb i t  motor and t h e  upper po r t ion  of t h e  support  s t r u c t u r e .  

po r t ion  of t h e  s t r u c t u r e ,  which suppor ts  t h e  parachute  i n s t a l l a t i o n ,  i s  separ- 

a t ed  by a c t i v a t i n g  explos ive  b o l t s  a t  the  base  of each tube. 

The remaining 

The parachute  riser assembly i s  a t tached  t o  t h e  base  of t h e  fou r  tubes 

above t h e  mounting plane.  

t h e  thermal c u r t a i n  are removed by d i f f e r e n t i a l  drag when t h e  parachute  i s  

re leased .  

The lower support  s t r u c t u r e ,  parachute  c a n i s t e r  and 
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4.2.2 MAJOR SYSTEMS - The f l i g h t  hardware element of t h e  major systems 

of t h e  capsule  are d iscussed  i n  t h i s  s e c t i o n  i n  t h e  fo l lowing  order :  

(both e n t r y  and landed) ,  communication, power, guidance and c o n t r o l ,  

sequencer,  thermal  c o n t r o l ,  propuls ion,  a u x i l i a r y  aerodynamic d e c e l e r a t o r  

a e r o s h e l l ,  landing system, c a n i s t e r  and adapter .  

s c i e n c e  

4.2.2.1 Science.  - The sc i ence  subsystems are i d e n t i c a l  f o r  t h e  two 

design concepts  which have a s i n g l e  d i u r n a l  c y c l e  l i f e t i m e ,  Concept I and 

Concept 11. The same instruments  are a l s o  used f o r  t h e  two concepts  us ing  

t h e  90 day mission l i f e t i m e ,  Concept I11 and Concept V. However, t h e  

opera t ing  sequence is  changed f o r  t h e  long du ra t ion  missions.  

- Requirements and Cons t r a in t s  - The performance requirements i n  F igure  

4.2.2.1-1 were obtained from t h e  LRC Mars Missions Objec t ives  Document whi le  

t h e  c o n s t r a i n t s  w e r e  obtained from t h e  po in t  design.  

is  t h e  e lectr ical  power requi red  f o r  t he  s u r f a c e  sc i ence  instruments  and does 

no t  r ep resen t  an  upper l i m i t  on e lectr ical  power t h a t  be made a v a i l a b l e  i f  i t  

i s  j u s t i f i e d .  

Sect ion 3.2.1. 

For example t h e  24 w a t t s  

The performance requirements are  discussed i n  d e t a i l  i n  

F igure  4.2.2.1-2 shows a t o t a l  d a t a  rate c o n s t r a i n t  of less than  350 b i t s  

per  second f o r  t h e  e n t r y  sc i ence  subsystem. 

a v a i l a b l e ,  however, by reducing t h e  amount of systems monitoring d a t a  during 

en t ry ,  s i n c e  t h e  t o t a l  e n t r y  da t a  t ransmission c a p a b i l i t y  is over 1300 b i t s  

p e r  second. 

Higher d a t a  rates can be made 

Phys ica l  Descr ip t ion  - The landed sc i ence  and e n t r y  sc i ence  ins t ruments  

are l i s t e d  i n  F igure  4.2.2.1-3. 

a n  advanced s ta te  of development were s e l e c t e d ,  i n  o rde r  t o  achieve  minimum 

program c o s t .  The va lues  f o r  t h e  m a s s  spectrometer  i n  t h e  landed sc i ence  l ist  

are i n  parentheses  s i n c e  t h i s  instrument w a s  n o t  included as p a r t  of t h e  

s e l e c t e d  concept.  

of t h e  sc i ence  requirements . )  

be  p o s s i b l e  t o  use  t h e  mass spectrometer  both f o r  e n t r y  measurements and meas- 

urements on t h e  su r face .  By opera t ing  t h e  m a s s  spectrometer  f o r  one minute 

once every 6 hours ,  t h e  amount of e lectr ical  energy r equ i r ed  is  s o  s m a l l  t h a t  

P resen t ly  a v a i l a b l e  ins t ruments  which are i n  

(The m a s s  spectrometer  measurements w e r e  n o t  l i s t e d  as p a r t  

However, as d iscussed  i n  Sec t ion  3.2.1, i t  may 

4.2.2-1 
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SURFACE SCIENCE SUBSYSTEM REQUIREMENTS AND CONSTRAINTS 

PERFORMANCE R EQUl REM ENTS 

IMAGES 

TO BE OBTAINED WITHOUT RELIANCE ON REGENERATED POWER 

“LOW RESOLUTION” 

RESOLUTION: 0. lo/LIN E 

COVERAGE: 

COLOR: NO 

4 SCENES LOCATED AT RIGHT ANGLES. SCENE SIZE OF 25’ IN AZIMUTH 
AND 70° IN ELEVATION 

‘ ‘HI GH R E SOL U TI ON’ ’ 
RESOLUTION: O.OlO/LIN E 

COVERAGE: 4 SCENES LOCATED WITHIN “WIDE ANGLE” COVERAGE. SCENE SIZE OF 
5O x 50 

COLOR: NO 
THIS GIVES APPROXIMATELY 107 TOTAL BITS 

METEOROLOGY 

ACCURACY 

f 5 PERCENT OF VALUE AT KNOWN TIME 
0.5 mb THRESHOLD 

? 2 PERCENT OF VALUE AT KNOWN TIME 
3OK THRESHOLD 

_+ 5 PERCENT OF VALUE AT KNOWN TIME 
5 METERSISEC THRESHOLD 

?: 10“ AT KNOWN TIME 

PRESSURE VARIATIONS WITH TIME 

TEMPERATURE VARIATIONS WITH TIME 

WIND VELOCITY VARIATIONS WITH TIME 

WIND DIRECTION VARIATIONS WITH TIME 
SPEC1 FIC HUM1 DlTY (ATMOSPHERE) 

VARIATIONS WITH TIME DEW/FROST PT OF r 2OC 

SO1 L COMPOSITION 

ASSUME TO BE SAME AS SURVEYOR a-SPECTROMETER EXPERIMENT 

SCIENCE COMMAND CAPABILITY 
NONE 

DATA CON ST RAlNTS 

RELAY: LESS THAN 1 . 1  107 BITSIRELAY PERIOD 

ELECTRICAL POWER 

TOTAL POWER: LESS THAN 24 WATTS 
VOLTAGE: 28 t 4  VOLTS 

WEIGHT 

TOTAL WEIGHT: LESS THAN 30 L B  

RELIABILITY 

OPERATING MTBF: GREATER THAN 10 000 HR 

4.2.2-2 FIGURE 4.2.2.1-1 



ENTRY SCIENCE SUBSYSTEM REQUIREMENTS AND CONSTRAINTS 

P E R FO RMAN C E RE QU I R EM EN T S 
PRESSURE VARIATIONS WITH ALTITUDE 

ALTITUDE RANGE: FROM 60 KM TO AS LOW AN ALTITUDE AS PRACTICAL 

ACCURACY: 2 5  PERCENT OF VALUE AT KNOWN ALTITUDE, THRESHOLD 
ACCURACY 0.5 MB 

DENSITY VARIATIONS WITH ALTITUDE 

ALTITUDE RANGE: FROM 60 KM TO AS LOW AN ALTITUDE AS PRACTICAL 

ACCURACY: f 5 PERCENT OF VALUE AT KNOWN ALTITUDE, THRESHOLD 
ACCURACY 1 x 10-6 GM/CM3 

TEMPERATURE VARIATIONS WITH ALTITUDE 

ALTITUDE RANGE: FROM 60 KM TO AS LOW AN ALTITUDE AS PRACTICAL 

ACCURACY: + 2  PERCENT OF VALUE (OK) AT KNOWN ALTITUDE, THRESHOLD 
ACCURACY 3OK 

COMPOSITION VARIATIONS WITH ALTITUDE (INCLUDING WATER VAPOR) 

ALTITUDE RANGE: BELOW 50 KM 

MASS NO. RANGE: 10-60 (REQUIRED DETECTION ON CO2, H2, Ar, AND H20) 

ACCURACY: + 5  PERCENTIFGREATERTHAN50PERCENTOFTOTAL 
+ 10 PERCENT FOR OTHER CONSTITUENTS 

DATA CONSTRAINTS 

TOTAL DATA RATE: LESS THAN 350 BITS/SEC 

ELECTRICAL POWER 

TOTAL POWER: LESS THAN 16 WATTS 

VOLTAGE: 24 24 VDC ( DURING ENTRY NEAR BATTERY DEPLETION) 
28 2 4  VDC (PRIOR TO ENTRY) 

WEIGHT 

TOTAL WEIGHT: LESS THAN 23 L B  

RELIABI LlTY 

OPERATING MTBF: GREATER THAN 10 000 HR 

FIGURE 4.2.2.1-2 
4.2.2-3 
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SCIENCE PAYLOADS 

I LANDED SCIENCE 

CAMERAS 

ATMOSPHERIC 
INSTRUMENTS 

PRESSURE 

TEMPERATURE 

HUMIDITY 

WIND 

ALPHA SPECTROMETER 

MASS SPECTROMETER 
TOTAL 

ENTRY SCIENCE I 
MASS SPECTROMETER 

ACC E L E ROM ET E R 

PRESSURE SENSORS (6) 
TEMPERATURE SENSORS (2) 

HUM1 Dl TY 

MARGIN 

TOTAL I 

NEIGHT 
L B  

10 

10 

10 

- (9) 
30 L B  

NEIGHT 
LB 

9 

2 

5 
1 

1 

5 

23 L B  

SIZE 
IN. 

3 DIA x 18 
1.5 DIA x 10 

2 DIA x 4 (2) 

1 DIA x 1.9 (2) 

0.5 DIA x 2, 
2 x 3 x 0.5 

6 DIA x 2 
6.75 x 5.25 x 4.t 
6 x 6 ~ 6  

(3 x 9 x 14) 

SIZE 
IN. 

3 X 9 X 1 4  

2.75 x 1.75 x 2 

2 DlA x 2 
1 DIA x 1.9 

0.5 DIA x 2, 
2 x 3 x 0.5 

POWER 
WATTS 

15 

7 

2 

(8)  
24 WATTS 

RE LAY 
DATA 

BITS/DAY 

8.4 103 

_. (1.6 x lo3)  

BITS/DAY 
PLUS IMAGES 

17.8 103 

AVERAGE 
DATA RATE 

8 80 

4 150 

3 

0.02 

0.02 

15.04 

48 

16 
8 

302 BITS/SE( 
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t h e  use  of t h e  m a s s  spectrometer  on t h e  s u r f a c e  has  only  a s l i g h t  e f f e c t  on 

t h e  lander  design.  The sc i ence  equipment t o t a l  weight is  5 3  l b .  

Most of t h e  sc i ence  ins t ruments  are loca ted  on t h e  o u t s i d e  p o r t i o n  of t h e  

lander  r a t h e r  than  i n  t h e  thermally in su la t ed  equipment compartment, as shown 

i n  F igure  4.2.2.1-4.  

trometer e l e c t r o n i c s  and the p res su re  sensor ,  i s  loca ted  i n s i d e  t h e  equipment 

compartment. This  g r e a t l y  reduces t h e  temperature  requirements on t h i s  equip- 

ment and makes i t  poss ib l e ,  i n  t h e  case of t h e  p re s su re  sensor ,  t o  use  a 

p r e s e n t l y  a v a i l a b l e  u n i t  a t  a l a r g e  savings i n  c o s t .  

case f o r  t h e  m a s s  spectrometer  i f  i t  is  loca ted  on t h e  lander  and used f o r  

s u r f a c e  measurements. 

Some of t h e  sc i ence  equipment, such as t h e  a lpha  spec- 

This  w i l l  a l s o  be t h e  

Opera t iona l  Descr ip t ion  - The ope ra t iona l  sequence, as shown i n  F igure  

4.2 .2 .1 -5 ,  provides  f o r  making a l l  t h e  sc i ence  measurements l i s t e d  i n  t h e  

performance requirements f o r  a one day mission. The atmospheric measurements 

can be made once every f i f t e e n  minutes.  

a f t e r  approximately a one minute warm-up t h e  p re s su re ,  temperature ,  and humid- 

i t y  are determined. The only problem as soc ia t ed  wi th  t h e  meteorology sequence 

w a s  t h e  wind measurements. The wind varies g r e a t l y  i n  a per iod  of only a few 

seconds. Therefore ,  i t  is  d e s i r a b l e  t o  leave t h e  wind instrument  on continu- 

ously,  and t o  determine t h e  average wind, t h e  t i m e  when t h e  wind is below t h e  

threshold  of t h e  instrument ,  t h e  peak wind, and t h e  ins tan taneous  wind a t  t h e  

end of t h e  f i f t e e n  minute per iod .  Only t h i s  d a t a  i s  then  t r ansmi t t ed ,  t hus  

keeping t h e  wind d a t a  t o  a reasonable  va lue  of 3,920 b i t s  p e r  day as compared 

wi th  9,408 b i t s  pe r  day f o r  t h e  t o t a l  atmospheric d a t a .  

The ins t ruments  are turned on, and 

The next  problem i n  s e l e c t i n g  t h e  sequence is a s s o c i a t e d  wi th  t h e  a lpha  

spectrometer .  It i s  des i r ed  t o  make a background measurement during a per iod 

of t h r e e  t o  f i v e  hours ,  a s tandard  sample measurement during another  per iod  of 

t h r e e  t o  f i v e  hours ,  and a s u r f a c e  measurement during a per iod  of approximately 

20 hours,  without  opera t ing  t h e  a lpha  spectrometer  a t  n igh t .  

r equ i r ed  count ing t i m e  is  too long f o r  a s i n g l e  day mission,  it w a s  assumed 

t h a t  electrical h e a t e r s  and thermal i n s u l a t i o n  would be  added t o  t h e  a lpha  

spectrometer  i n  o rde r  t o  ope ra t e  i t  a t  n igh t .  

can provide 4.5 w a t t s  f o r  h e a t e r  power t o  t h e  a lpha  spectrometer  which is 

Since t h e  

The electrical  power subsystem 
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VIEWING AND DEPLOYMENT CAPABILITY 

WIDE ANGLE 
VIEWING LIMIT \ \ 
FOR LEVEL LANDING 

ALPHA-SPECTROMETER 

HIGH RESOLUTION 

WIDE (VIEWING LIMITS) 
ANGLE 

FACSIMILE 
CAMERA 

WIDE ANGLE \ 
FACSIMILE CAMERA ATMOSPHERE SENSORS 

(DEPLOY ED) 

FACSIMILE CAMERA 
WIDE ANGLE (HIGH K ESOLUTION) 

FACSIMILE CAMERA 

--- / 

LANDING PAD 
ORIENTATION RANGE 

FIGURE 4.2.2.1-4 
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s u f f i c i e n t  t o  maintain t h e  entire head a t  a h igh  enough temperature  f o r  n ight -  

t i m e  opera t ion .  However, i f  t h e  senso r  head packaging is  redesigned s o  t h a t  

only a f r a c t i o n  of t h e  head is  i n s u l a t e d  and heated during t h e  n ight t ime oper- 

ation, then  the requ i r ed  heater power w i l l  be  less than  4.5 w a t t s .  This  w i l l  

s i g n i f i c a n t l y  reduce t h e  energy and weight requirement f o r  t h e  power supply 

subsystem. 

The next  problem i n  s e l e c t i n g  t h e  measurement sequence i s  as soc ia t ed  wi th  

t h e  f a c s i m i l e  camera. Since d a t a  s t o r a g e  is  no t  a v a i l a b l e  f o r  more than 

2 x l o 5  b i t s ,  t h e  camera must gene ra t e  d a t a  a t  an  average ra te  which is  equal  

t o  t h e  t ransmiss ion  rate c a p a b i l i t y  of t h e  communications system. Immediately 

fol lowing landing,  a t e n  minute per iod  is a v a i l a b l e  f o r  r e l a y  t ransmiss ion  

from t h e  lander .  I n  t h e  worst  case, however, only two minutes of t h e  d a t a  

- t r ansmi t t ed  w i l l  be  received and relayed t o  e a r t h .  Therefore ,  only 30 seconds 

is a v a i l a b l e  f o r  each of t h e  fou r  wide angle  frames generated by t h e  wide ang le  

camera. 

The use  of a scan  per iod  as s h o r t  as 30 seconds w i l l  make t h e  n o i s e  equiv- 

a l e n t  rad iance  5 x w a t t s / ( c m 2  s t e r a d i a n )  f o r  a 0.4  inch  l ens .  For t h e  

high r e s o l u t i o n  f a c s i m i l e  camera which is operated a t  t h e  end of t h e  day, t h e  

n o i s e  equiva len t  rad iance  f o r  t h e  30 second scan per iod  w i l l  be  approximately 
2 w a t t s / ( c m  s t e r a d i a n )  f o r  a one-inch l ens .  The 16.7 l i n e  p e r  second rate 

requi red  f o r  scanning t h e  h igh  r e s o l u t i o n  f i e l d  f o r  30 seconds is  h igher  than  

t h e  normal design l i m i t  of 5 t o  10 l i n e s  pe r  second. A special  scan  technique 

o r  design w i l l  t hus  be  requi red  f o r  t h i s  camera. 

t h e  h igh  r e s o l u t i o n  cameras, i t  i s  d e s i r a b l e  t o  scan  h o r i z o n t a l l y  f o r  t h e  h igh  

rate l i n e  scan.  This  s i m p l i f i e s  t h e  focus c o n t r o l  since t h e  rate which t h e  

For both t h e  wide ang le  and 

focus is  va r i ed  is  g r e a t l y  reduced. 

Since a command l i n k  i s  not  p re sen t ly  included i n  t h e  s e l e c t e d  concepts ,  

it w i l l  be  necessary  t o  program t h e  focus c o n t r o l  based on an expected d i s t a n c e  

t o  t h e  su r face .  A few simple on-board techniques are a v a i l a b l e  f o r  c o n t r o l l i n g  

t h e  focus of  t h e  h igh  r e s o l u t i o n  camera. For example, t h e  d i s t a n c e  t h a t  t h e  

a lpha  spectrometer  must be lowered be fo re  i t  reaches t h e  s u r f a c e  can be used 

t o  determine t h e  d i s t a n c e  from t h e  camera t o  t h e  ground ad jacent  t o  t h e  a lpha  
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spectrometer .  This  d i s t a n c e  can then  be used t o  c o n t r o l  t h e  focus  of t h e  

camera f o r  frames n e a r  t h e  a lpha  spectrometer .  

Development S t a t u s  - It is  no t  a n t i c i p a t e d  t h a t  any severe problems w i l l  

be  encountered i n  developing t h e s e  instruments  t o  wi ths tand  the s t e r i l i z a t i o n  

procedure.  The development s t a t u s  of t h e  instruments  varies g r e a t l y .  The 

p res su re  senso r ,  f o r  example, is  almost an  off- the-shelf  i t e m .  On t h e  o t h e r  

hand, t h e  h igh  r e s o l u t i o n  f a c s i m i l e  camera has  been designed and pro to types  

have been f a b r i c a t e d  f o r  a few of t h e  components bu t  no t  f o r  t h e  e n t i r e  camera. 

The a lpha  spectrometer  w i l l  have t o  be  modified i n  o rde r  t o  o b t a i n  e i t h e r  a 

h igher  count ing rate (so t h a t  t h e  s u r f a c e  measurement can be  made us ing  only  

t h e  day l igh t  hours)  o r  thermal  c o n t r o l  f o r  opera t ion  a t  n igh t .  

n ight t ime ope ra t ion ,  a s t r o n g e r  source  w i l l  be requi red  than  t h e  one which 

is p resen t ly  used on t h e  luna r  a lpha  spectrometer  i n  o rde r  t o  compensate f o r  

t h e  decrease  i n  source  s t r e n g t h  during t h e  t r a n s i t  from Ear th  t o  Mars. 

Even wi th  t h e  
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4.2.2.2 Communications system func t iona l  d e s c r i p t i o n .  - The func t ion  

of t he  communications equipment i s  t o  c o l l e c t  t h e  s c i e n t i f i c  and engineer ing  

da ta ,  format t h e  d a t a  sources  i n t o  a coherent  d a t a  stream, temporar i ly  

s t o r e  the  information,  and t r ansmi t  t h e  d a t a  a t  t h e  a p p r o p r i a t e  t i m e s .  

Table 4.2.2.2-1 lists t h e  capsule  da t a  requirements.  

The f u n c t i o n a l  d e s c r i p t i o n  i s  d iv ided  i n t o  two p a r t s ;  t h e  capsule-mounted 

communications equipment which weighs 55 lb and t h e  orbiter-mounted communica- 

t i o n s  suppor t  equipment weighing 37 4 l b .  

4 . 2 . 2 . 2 . 1  Capsule mounted communications equipment: The capsule  

mounted communications equipment conta ins  the  fo l lowing  subsystems: 

a )  Entry antenna 

b)  Entry r a d i o  

c )  Entry te lemetry 

d) Entry ins t rumenta t ion  

e )  Relay antenna 

f )  Relay r ad io  

g) Landed s t o r a g e  

h) Landed te lemet ry  

i )  Landed ins t rumenta t ion  

F igure  4.2.2.2-1 is a b lock  diagram of t h e  equipment, and Table 

4.2.2.2-2 i s  a l i s t  of t h e  s a l i e n t  c h a r a c t e r i s t i c s  of t h e  design.  Table 

4.2.2.2-3 is  a l i s t  o f  t h e  phys ica l  parameters of t h e  equipment. 

S y s t e m  Descr ip t ion  - The equipment has fou r  ope ra t ing  modes i n  a d d i t i o n  

t o  the  i n  f l i g h t  checkout and memory dump modes. These modes are: 

a )  Deorbi t  descent  

b )  Atmospheric e n t r y  

c )  Terminal descent  

d) UHF relay 

4.2.2- 10 



TABLE 4.2.2.2-1 
TELEMETRY CHANNEL REQUIREMENTS 

SUBSYSTEM 

UHF TRANSMITTER 

T E L  EMETRY 

THERMAL CONTROL 

A E RODYN AMI C 

RADAR ALTIMETER 

LANDING RADAR 

GUIDANCE & CONTROL 
SURFACE SEQUENCER & TIMER 

POWER 

PROPU LSl ON 

PYROTECHNICS 

MASS SPECTROMETER - SCIENCE 

ALPHA SPECTROMETER - SCIENCE 

FACSIMILE CAMERAS - SCIENCE 
ACCELEROMETERS - SCIENCE 

METEOROLOGICAL DATA - SCIENCE 

ATMOSPHERE DATA - SCIENCE 

TOTAL 

DEORBIT I ENTRY 

8 8 

19 19 

62 62 

7 17 
2 28 

2 18 

44 44 
4 4 

30 30 

22 13 

10 13 

- 9 
- - 
- - 
- 4 
- - 
- 9 

T E RM IN A L 
DESCENT 

8 

19 

56 

18 

28 
40 

44 
4 

30 

8 

14 

9 
- 
- 

4 
- 

9 
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TABLE 4.2.2.2-2 

COMMUNICATIONS CHARACTERISTICS SUMMARY TABLE 

ENTRY ENTRY 

LANDEDRELAY LANDEDRELAY 

FREQUENCY 400 MHz BAND 
o TRANSMITTER 3 WATTS 
0 TELEMETRY CHANNELS 401 
o DATA RATES 
0 STORAGE 150 AND 50 SEC 

198,656 BITS 
a RECEIVING ANTENNA BEAMWIDTH l2Oo 

0 MODULATION 2 FSK 

440, 1320 BPS 

0 TRANSMITTING ANTENNA BEAMWIDTH = 900 

o FREQUENCY 400 MHr BAND 
0 TRANSMITTER 5 WATTS 
0 TELEMETRY CHANNELS 116 
0 DATA RATE 41.6 K 0PS 
o STORAGE 24.6 HR 

o RECEIVING ANTENNA BEAMWIDTH 120° 
0 TRANSMITTING ANTENNA BEAMWIDTH 120' 
0 MODULATION 2 FSK 

167 936 BITS 
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o Deoribt  Descent Mode - The d e o r b i t  descent  modeis  used from s e p a r a t i o n  

t o  t h e  i n i t i a t i o n  o f  atmospheric en t ry .  The 210 d a t a  channels are formatted 

by t h e  combined e n t r y  telemetry commutator and landed te lemet ry  commutator 

i n t o  an i n t e r l a c e d  tube  format a t  a 440 bps rate. 

encoded t o  3960 bps and t r ansmi t t ed  t o  the s p a c e c r a f t  by t h e  3 w a t t  non- 

coherent  frequency s h i f t  keyed (FSK) e n t r y  t r a n s m i t t e r .  Subbi t  encoding is 

used h e r e  t o  keep a cons tan t  3960 bps t ransmiss ion  rate t o  thereby avoiding 

mode swi tch ing  i n  t h e  s p a c e c r a f t  b i t  synchronizer .  

r equ i r ed  dur ing  descent .  

This  b i t s t r e a m  i s  s u b b i t  

Delay s t o r a g e  i s  no t  

o Atmospheric Entry Mode - The atmospheric e n t r y  mode begins  a t  

800 000 f e e t  and cont inues  u n t i l  t h e  i n i t i a t i o n  of t e rmina l  descent .  

atmospheric e n t r y  278 d a t a  channels are formatted by the  combined e n t r y  

and landed te lemet ry  commutators i n t o  an i n t e r l a c e d  tube format a t  1320 bps. 

This  b i t s t r e a m  is t r ansmi t t ed  i n  real  t i m e  and a l s o  t r ansmi t t ed  t w i c e  i n  

delayed t i m e  t o  i n s u r e  t h a t  t h e  d a t a  gathered dur ing  t h e  p lasma "blackout" 

i s  r e l i a b l y  t r ansmi t t ed  t o  t h e  o r b i t e r  a t  least  one t i m e .  

u n i t  i n  t h i s  mode is  programmed as a tapped delay l i n e .  The l eng th  of t h e  

l i n e  i s  150 seconds,  and t h e  t a p  is  a t  50 seconds. The real  t i m e  p lus  t h e  

During 

The co re  s t o r a g e  

two delayed t i m e  b i t s t r eams  are combined i n t o  a 3960 bps stream, and 

t r ansmi t t ed  t o  t h e  o r b i t e r  over  t h e  en t ry  UHF t r a n s m i t t e r .  

o Terminal Descent Mode - The te rmina l  descent  mode begins  when t h e  

landing  r ada r  comes on and lasts u n t i l  landing.  

t e rmina l  descent  i s  t h e  same as t h a t  i n  atmospheric e n t r y  except  t h a t  a 

d i f f e r e n t  s e t  of d a t a  is  co l l ec t ed .  

The system ope ra t ion  during 

The d a t a  formats f o r  t h e  preceding t h r e e  modes are shown i n  F igure  

4.2.2.2-2.  

The e n t r y  t r a n s m i t t e r  power level w a s  s e l e c t e d  on t h e  b a s i s  of t h e  

maximum power requi red  i n  e n t r y  a t  a 5 deg c e n t r a l  angle  between t h e  capsule  

and t h e  o r b i t e r  a t  t h e  t i m e  of en t ry .  From Figure 3 .2 .2 -7 ,  f o r  t he  worst  

case atmosphere, t r a j e c t o r y ,  and s u r f a c e  roughness, t h i s  is 25.4 dBm. This  

power requirement is  no t  exceeded when parachute  o s c i l l a t i o n s  less than  

30 deg occur  i n  any atmosphere. Since t h e  25.4 dBm computation w a s  made on 

a 2560 bps rate, 1.9 dB is added t o  account f o r  t h e  3960 bps rate, b r ing ing  

4.2.2- 15 



ENTRY DATA SYSTEM FORMATS 

DEORBIT DESCENT MODE 

5 1 5 .1 .os .01 SPS 

1 SPARE ii 
23 CH 
INC 
3 PF 
SYNC 
11 ID 
t 10 
SPARES 

NOTE: P F  = PRIME FRAME 
I D  = IDENTIFICATION WORD 

ATMOSPHERIC ENTRY MODE 
5 1 

I, 

SPARES 

21 CH 
INC 
1 ID 
14 
SPARES 

95 CH 
INC 
1 ID 
+ 13 
SPARES 

20 CH 
INC 
1 I D  

SPARES 
I +8 

100 CH 
INC 
10 
SPARES 

5 . 1  .05 .01 SPS 

40 CH 
INC 
1 ID 
17 
SPARES 
r 

261 CHANNELS 
55 WPS 
440 BPS 
11 WPMiF 
5500 WPM,F 

377 CHANNELS 
165 WPS 
1320 BPS 
33 WPMiF 
16 500 WPM,F 

TERMINAL DESCENT MODE 
5 1 .5 .1 .05 .01 SPS 

344 CHANNELS 

FIGURE 4.2.2.2-2 
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t he  r equ i r ed  level t o  27.3 dBm. I n  add i t ion ,  6.4 dB must be  added f o r  a 

120 deg o r b i t e r  antenna over  a 55 deg antenna. 

a 1.1 dB excess  margin. 

equiva len t  t o  a 5060 Km design range f o r  t h e  no mul t ipa th  condi t ion .  

Table 4.2.2.2-4 def ines  t h e  l i n k  c h a r a c t e r i s t i c s .  

A 3 w a t t  transmitter thus  has  

Refer r ing  t o  Table 3.2.2-2, t h i s  power level i s  

o Landed Relay Mode - - The UHF r e l a y  mode c o n s i s t s  of t r a n s m i t t i n g  t h e  

s t o r e d  d i u r n a l  cyc le  d a t a  p lus  real t i m e  imaging dur ing  pe r i apse  passage. 

The s c i e n t i f i c  and engineer ing  d a t a  is  c o l l e c t e d  a t  a sample ra te  of once each 

15 minutes and s t o r e d  i n  core.  

d a t a ,  taken during t h e  o r b i t e r  o v e r f l i g h t ,  and re layed  v i a  a 400 MHz l i n k .  

This  d a t a  is  i n t e r l e a v e d  wi th  the  imaging 

The wors t  case landing  d i spe r s ion  due t o  atmospheric and e n t r y  

u n c e r t a i n t i e s  i s  - +4.7 deg, i . e . ,  a maximum s p a c e c r a f t  l ead  of 2.4 deg f o r  a 

VM-9, -15 deg e n t r y ,  and a maximum s p a c e c r a f t  l a g  o f  7 deg f o r  a VM-8, 

-15 deg e n t r y  ( f o r  a c o n s i s t e n t  5 deg c e n t r a l  angle  a t  e n t r y ) .  From 

Figure 3.2.2-26 t h e  minimal t r a n s m i t t e r  ou tput  power t o  t r ansmi t  lo7 b i t s  

is 2.5 w a t t s  f o r  4 minutes,  o r  a 41.6 Kbps rate.  An a d d i t i o n a l  .87 dB is 

requ i r ed  i n  o rde r  t o  use a 120 deg r a t h e r  than  a 90 deg o r b i t e r  antenna. 

Thus, t h e  "required" power i s  3.07 w a t t s .  From Figure 3.2.2-23, t h e  maximum 

s l o p e  unce r t a in ty  a t  t h i s  rate is L3.2 minutes. The n e t  r e s u l t  of t hese  

t h r e e  f a c t o r s ,  (atmospheric unce r t a in ty ,  power/time f o r  lo7 b i t s ,  and s l o p e  

unce r t a in ty )  is t h a t  17.27 minutes of t ransmission t i m e  i s  requi red  t o  

a s su re  t h e  4 minute 10 b i t  "window." With 2.13 dB excess  margin, t h e  

r e s u l t a n t  power requirement is  5 w a t t s ,  which corresponds ( r e fe rence  

Table 3.2.2-2) t o  a design t ransmiss ion  range of 1480 km wi th  a 120 deg 

o r b i t e r  antenna. Table 4.2.2.2-5 def ines  t h e  l i n k  c h a r a c t e r i s t i c s .  

- 

7 

Because o f  t h i s  choice of capsule-orb i te r  re la t ive geometry a t  e n t r y  

( 5  deg c e n t r a l  angle) ,  the  o r b i t e r  w i l l  l ead  t h e  capsule  by 2.4 deg a t  landing 

i n  t h e  worst  case (VM-9, -15 deg en t ry ) .  Allowing f o r  20 seconds warmup t i m e ,  

and t r a n s m i t t i n g  a t  a power l e v e l  (5 w a t t s )  and b i t  rate (41.6 k bps) conxnen- 

s u r a t e  wi th  a lo7 b i t  t ransmiss ion  on the second day permits  155 seconds of 

t ransmission and r e t u r n  of 6.45 M b i t s  a f t e r  landing.  
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TABLE 4.2.2.2-4 

ENTRY RELAY LINK TABLE 

PARAMETER 

TRANSMITTER POWER, (3W) 
TRANSMITTING CIRCUIT LOSS 
TRANSMITTING ANTENNA GAIN 
SPACE LOSS 

(f = 400 MHz, R = 1347 Km) 
PO LA R I Z A T ION LOSS 
RECEIVING ANTENNA GAIN 
RECEIVING CIRCUIT LOSS 
NET CIRCUIT LOSS 
TOTAL RECEIVED POWER 
RECEIVER NOISE SPECTRAL 

DENSITY (555'K) 
BIT RATE (3960 PSI 
REQUIRED E/'N, 
THRESHOLD POWER 
MARGIN 

VALUE 

34.8 dBm 

3.2 dB 
-.5 dB 

-147.1 dB 

0.0 dB 
2.7 d 0  

-1.0 dB 
-142.7 dB 
-107.9 dBm 

-171.2 dBm/Hz 
36.0 dB-bps 
21.0 dB 

- 114.2 dBm 
6.3 d B  

'OLERANCI 

t .5 -.5 
t .2 -.3 
+ .5 -.5 
t .o -.o 

t .o -.s 
t .O -3.0 
t .2 -.2 
t .9 -4.5 
t1.4 -5.0 

t .2 -.7 
+ .o -.o 
+ .o -.o 
t .2 -.7 
t2.1 -5.2 

NOTES: 1) E 'No INCLUDES 2.0 dB FOR DEGRADATIONS DUE TO BT -, 1 
IT SYNCHRONIZER. 

2) TRANSMITTING ANTENNA GAIN, SPACE LOSS AND E/N, 
CORRESPOND TO ?HE WORST CASE COMBINATION OF 

TRAJECTORIE$ INVESTIGATED. 
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TABLE 4.2.2.2-5 

LANDED RELAY LINK 'TABLE 

TRANSMITTING ANTENNA GAIN 
SPACE LOSS 

( f  400MHz, R 1078 Km) 

T CIRCUIT LOSS 

MARGIN 

VALUE ]TOLERANCE 

37.0 dBm 
-.5 dB 
1.4 dB 

-145.1 dB 

0.0 dB 
2.2 dB 

-1.0 dB 
-143.0 dB 
-106.0 dBm 
-171.2 dBm/Hz 

46.2 dB-bps 
11.7 dB 

-113.3 dBm 
7.3 dB 

t .5 - .5 
t .2 -.3 
I .5 -.5 
t .o -.o 

A .o -.5 
t .O -3.0 
t .2 -.2 
t .9 -4.5 
,1.4 -5.0 
f .2 -.7 

+, .o -.o 
t .o -.o 
t .2 -.7 
t2.1 -5.2 

CLUDES 0.8 dB DEGRADATION DUE TO THE BIT 

RIAPSIS FOR 4 MIN PER PASS 
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4.2,2.2.2 Orbiter-mounted suppor t  communication equipment: The s p a c e c r a f t  

mounted suppor t  communications equipment conta ins  t h e  fo l lowing  subsystems : 

a) UHF an tena  

b) UHF r ad io  

c) S torage  

d) Telemetry 

e) Command 

Figure 4.2.2.2-3 i s  a block diagram of t h e  equipment, and Table 4.2.2.2-6 

i s  a l i s t  of t he  phys ica l  c h a r a c t e r i s t i c s .  

The UHF antenna rece ives  both t h e  e n t r y  and t h e  landed signals. It is  

a h e l i x  wi th  a gain of 3.22 dB and a beamwidth of 120 degrees.  The d ip l exe r  

t r a n s f e r s  t h e  e n t r y  te lemet ry  signal a t  3960 bps t o  t h e  e n t r y  receiver, and 

the  landed te lemet ry  s i g n a l  a t  41.6 k bps t o  t h e  landed r e l a y  rece iver .  

The e n t r y  receiver is  a convent ional  double super-heterodyne frequency 

The mark and space s h i f t  keyed r e c e i v e r  wi th  a n o i s e  temperature of 555'K. 

f i l t e r s  have a bandwidth of  10 kHz t o  accommodate a maximum 6 kHz Doppler, 

and thus  ope ra t e  a t  a bandwidth pulsewidth product  of 2-112. The e n t r y  b i t  

synchronizer  is a s t anda rd  phase lock loop,  i n t e g r a t e  and dump device  which 

inco rpora t e s  a phase g a t e  t o  t r a c k  t h e  d i r e c t  pa th  phasor and lock out  t h e  

i n d i r e c t  (mul t ipa th)  phasor.  The e n t r y  b i t  synchronizer  runs a t  a cons t an t  

3960 bps ra te ,  independent of t h e  e n t r y t e l e m e t r y  system mode. I 

The landed r e l ay  r e c e i v e r  is  s imilar  t o  the  e n t r y  r e c e i v e r ,  bu t  with 

41.6 kHz bandwidth mark and space f i l t e r s ,  and i t  ope ra t e s  a t  a bandwidth 

pulsewidth produce of un i ty  s i n c e  no apprec iab le  Doppler w i l l  be  present .  

The landed r e l a y  b i t  synchronizer  is  a s tandard  phase lock loop ,  i n t e g r a t e  

and dump device.  The s p e c i a l  phase ga t e  i s  not  requi red  f o r  t h i s  r e c e i v e r ,  

because t h e  landed system only t r ansmi t s  a t  h igh  e l e v a t i o n  angles ,  where 

mul t ipa th  i s  no t  a problem. The synchronizer  rate is 41.6 k bps. 

Both of  t h e  r e c e i v e r s  feed  t h e  data d i s t r i b u t i o n  u n i t ,  which i n  tu rn  

e i t h e r  rou te s  t h e  incoming d a t a  d i r e c t l y  t o  t h e  o r b i t e r  o r  t o  t h e  o r b i t e r  
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TABLE 4.2.2.2-6 

SPACECRAFT MOUNTED COMMUNICATIONS EQUIPMENT 

UHF RECEIVERS 

TAPERECORDER 

DATA DISTRIBUTION UNIT 

SUPPORT COMMUTATOR 
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mounted suppor t  t a p e  recorder .  

i n t e r f a c e  equipment between t h e  o r b i t e r  and t h e  capsule  ( p r i o r  t o  s e p a r a t i o n )  

and t h e  capsule  suppor t  equipment. 

capsule-orb i te r  i n t e r f a c e  problems. 

r e l a y  d a t a  t o  t h e  o r b i t e r  i t  a l s o  r o u t e s  t h e  r a d i o  commands, via the o r b i t e r  

command receiver, t o  t h e  suppor t  equipment command decoder,  and r o u t e s  t h e  

support  equipment commutator and t h e  payload commutators ( p r i o r  t o  s e p a r a t i o n )  

t o  the  o r b i t e r  te lemetry system. 

The d a t a  d i s t r i b u t i o n  u n i t  is  t h e  c e n t r a l  

This c e n t r a l  d a t a  in te r face  s i m p l i f i e s  t h e  

I n  a d d i t i o n  t o  r o u t i n g  t h e  e n t r y  and 

The t ape  recorder  serves as a n  in te rmedia te  s t o r a g e  device  between t h e  

A t  e n t r y  and landed r e l a y  t ransmissions and t h e  s p a c e c r a f t  re t ransmiss ion .  

moderate b i t  packing d e n s i t i e s  of 1 kbpi  p e r  t r a c k ,  257 feet  of one inch  

t a p e  are r e q u i r e d  t o  a s s u r e  t h e  t ransmiss ion  of l o 7  r e l a y  p i c t u r e  w i t h  t h e  

- n e t  landing t i m e  and s u r f a c e  s l o p e  u n c e r t a i n t i e s .  This recorder  could 

accommodata a 3.03 hour d e o r b i t l e n t r y  t i m e .  

i s  up t o  9 hours .  Thus, a 764 f e e t  t a p e  i s  requi red .  With t h e  "nominaltt 

3.42 hour o r b i t a l  descent  t i m e  only 290 f e e t  o f  t a p e  would b e  requi red .  

The recorder  may n o t  b e  requi red  i n  t h e  support  equipment area i f  t h e  o r b i t e r  

recorder  can be  made a v a i l a b l e .  

The e n t r y  t i m e  range,  however, 

The support  equipment commutator s e r v e s  as a remote mul t ip lexer  t o  t h e  

s p a c e c r a f t  te lemetry.  This commutator monitors t h e  opera t ion  of t h e  two 

UHF receivers, t h e  S i t  synchronizers ,  t h e  t ape  recorder ,  t h e  d a t a  d i s t r i b u t i o n  

u n i t ,  t h e  command decoder, and t h e  i n  f l i g h t  checkout equipment. 

The s p a c e c r a f t  command receiver receives a l l  t h e  commacds from Ear th  

and r o u t e s  a l l  o f  t h e  commands t o  t h e  support  equipment and t o  t h e  capsule  p r i o r ,  

t o  s e p a r a t i o n ,  t o  t h e  support  equipment command decoder. The support  equipment 

decoder then r o u t e s  t h e  commands t o  t h e  usinp subsystems. 

4.2.2.2.3 Development s t a t u s :  No s p e c i a l  development problems are 

a n t i c i p a t e d  f o r  any o f  t h e  equipment i n  t h e  conceptual  designs.  

of component requi red  i n  t h e  designs has  been s u c c e s s f u l l y  flown on previous 

missile and s p a c e c r a f t  programs. 

Every type  

A s t e r i l i z a b l e  t ape  recorder ,  no t  requi red  i n  t h e  conceptual  des igns ,  

would r e q u i r e  development. Although some work has  progressed on "high 

temperature" t apes ,  and var ious  recorder  components, no comprehensive 
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"tape system" work has  been undertaken. 

d i r e c t e d  toward t h e  d e f i n i t i o n  of t h e  long t e r m  chemical e f f e c t s  of t h e  

p o t e n t i a l l y  damaging s t e r i l i z a t i o n  process.  

could probably be developed i n  1-1/2 t o  2 years .  

would remain as t o  i t ' s  r e l i a b i l i t y  a f t e r  an extended l i f e .  

Such an e f f o r t  would be p r i n c i p a l l y  

A s t e r i l i z a b l e  t ape  r eco rde r  

However, some u n c e r t a i n t y  
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4.2.2.3 Power system. - The electrical power system provides  t h e  b a s i c  

energy s t o r a g e  and power management f o r  t h e  l ande r  and s u r f a c e  payload elec- 

t r ica l  equipment. Concept I1 assumptions p e r t i n e n t  t o  t h e  power system are: 

a) one d i u r n a l  cyc le  mission 

b) 

C )  r e l a y  l i n k  communication. 

e lectr ical  energy f o r  thermal con t ro l  

4 . 2 . 2 . 3 . 1  Design requirements  and goa ls :  Trade s t u d i e s  have shown, i n  

genera1 , tha t  a l i g h t e r  weight landed system evolves  when t h e  to ta l  requi red  

energy s t o r a g e  is  d iv ided  i n t o  two components: t h a t  f o r  descent  and e n t r y ,  

and t h a t  f o r  s u r f a c e  opera t ion .  

used f o r  descent  and e n t r y  may be  allowed t o  f r e e z e  a f t e r  touchdown, wh i l e  

This  weight sav ing  occurs  because t h e  b a t t e r y  

*' s u r f a c e  ope ra t ions  r e q u i r e  a b a t t e r y  t o  su rv ive  t h e  co ld ,  n i g h t  temperatures .  

Hence, a thermal  c o n t r o l  weight pena l ty  i s  involved which i s  dependent upon 

t h e  m a s s  and s u r f a c e  area of t h e  b a t t e r y  t o  be p ro tec t ed .  General ly ,  t h e  

added thermal  c o n t r o l  weight f o r  a s i n g l e ,  compact b a t t e r y ,  s i z e d  f o r  descent  

and e n t r y  p l u s  s u r f a c e  ope ra t ion ,  i s  g r e a t e r  than  t h e  weight pena l ty  of reduced 

energy d e n s i t y  f o r  two, s e p a r a t e  b a t t e r i e s :  one f o r  descent  and e n t r y ,  and 

one f o r  s u r f a c e  opera t ion .  

The electrical  power and energy requirements f o r  descent  and e n t r y  are 

shown i n  F igure  4.2.2.3.1-1.  For a descent  pe r iod  of 3.5 hours ,  400 watt-hours 

are r equ i r ed  f o r  equipment opera t ion .  Allowing a 6% d i s t r i b u t i o n  l o s s  f a c t o r ,  

t h e  requi red  b a t t e r y  capac i ty  is  425 watt-hours. 

The electrical power and energy requirements f o r  t h e  s u r f a c e  payload oper- 

a t i o n s  are g raph ica l ly  i l l u s t r a t e d  by t h e  power p r o f i l e  of F igure  4.2.2.3.1-2. 

Electrical  h e a t  is provided f o r  s u r f a c e  payload thermal  c o n t r o l  as ind ica t ed  

by t h e  shaded area. The t o t a l  energy requirement i s  2083 watt-hours, and 

al lowing a 6% d i s t r i b u t i o n  loss f a c t o r ,  t h e  r equ i r ed  b a t t e r y  capac i ty  is  

2210 watt-hours. 



FIGURE 4.2.2.3.1-1 
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FIGURE 4.2.2.3.1-2 
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4.2.2.3.2 System d e s c r i p t i o n :  The e l ec t r i ca l  power system c o n s i s t s  of 

two s e a l e d ,  manually a c t i v a t e d ,  s i l v e r - z i n c  primary b a t t e r i e s ,  t h r e e  automati- 

c a l l y  a c t i v a t e d ,  s i l v e r - z i n c  b a t t e r i e s ,  two b a t t e r y  chargers ,  one DC-to-DC 

conver te r - regula tor ,  and a power swi tch ing  and l o g i c  u n i t .  

t h e  power system i s  shown i n  F igure  4.2.2.3.2-1.  

l o c a t i o n  are as fol lows:  

A block diagram of  

The power system weight and 

I TEN LO CATION WEIGHT (LBS) - 
Bat te ry  Charger (2 )  C a n i s t e r  & Surface Payload 6.0 

Auto Act ivated Bat te ry  ( 3 )  Lander 15.0 

Manually Act ivated B a t t e r y  Lander 22.0 

Switching & Logic Lander & Surface  Payload 13 .0  

Manually Act ivated Battery Surface Payload 61.0 

DC/DC Converter Surface Payload 4.0 

T o t a l  Weight 121.0 

The DC-to-DC conver te r  accepts  unregulated power from t h e  o r b i t e r  s o l a r  

a r r a y  and provides  regula ted  power t o  t h e  power t r a n s f e r  swi tch  i n  t h e  power 

swi tch inp  and l o g i c  u n i t .  The power t r a n s f e r  switch conta ins  t h e  power s e n s i n g  

and t r a n s f e r  equipment a s s o c i a t e d  wi th  t h e  t r a n s f e r  of t h e  d i s t r i b u t i o n  bus 

from o r b i t e r  power t o  b a t t e r y  power when o r b i t e r  power is n o t  a v a i l a b l e  o r  

when commanded by t h e  sequencer.  The d i s t r i b u t i o n  bus and a s s o c i a t e d  switches 

provide power t o  t h e  using subsystems on commands from t h e  sequencer.  

The two, s e a l e d ,  manually-activated,  s i l v e r - z i n c  primary b a t t e r i e s  provide 

t h e  main energy s t o r a g e  f o r  t h e  l a n d e r  and s u r f a c e  payload. The descent /en t ry  

b a t t e r y  i s  designed f o r  a high d ischarpe  ra te  t o  provide t h e  power f o r  descent  

and e n t r y  wh i l e  maintaining adequate v o l t a g e  r e g u l a t i o n  during t h e  peak power 

demand o f  e n t r y .  I n  a d d i t i o n ,  t h i s  b a t t e r y  provides  t h e  power f o r  t h e  t e l e m -  

e t r y ,  ins t rumenta t ion ,  and thermal c o n t r o l  subsystems when o r b i t e r  power i s  not  

a v a i l a b l e  during i n t e r p l a n e t a r y  c r u i s e .  

The s u r f a c e  payload b a t t e r y  is  designed t o  provide t h e  power f o r  s u r f a c e  

opera t ion  a t  a r e l a t i v e l y  low ra te  of d i scharge .  This  b a t t e r v  i s  s i z e d  t o  

provide energy f o r  one d i u r n a l  c y c l e  of  s u r f a c e  opera t ions  w i t h  e lec t r ica l  

energy contingency f o r  thermal c o n t r o l  during a continuous -190°F environment. 

4.2.2-28 



T R TO USlNG 
SUBSYSTEMS 

r 1 

4.2.2.3.2-1 
4.2.2-29 



. 
The s u r f a c e  payload b a t t e r y  must su rv ive  t h e  Martian n i g h t  environment, 

and thus  i s  loca ted  i n  t h e  i n s u l a t e d ,  temperature  c o n t r o l l e d  compartment of t h e  

s u r f a c e  payload t o  main ta in  i t s  temperature  above 50'F. 

power swi tch ing  and l o g i c  u n i t  a s s o c i a t e d  wi th  s u r f a c e  payload ope ra t ions  and 

equipment of o t h e r  subsystems producing h e a t  dur ing  s u r f a c e  ope ra t ions  are a l s o  

loca ted  i n  t h i s  compartment. 

That po r t ion  of t h e  

The descen t / en t ry  b a t t e r y  is  maintained i n  a charged cond i t ion  dur ing  

c r u i s e  and i s  recharged a f t e r  o r b i t e r  maneuvers by i ts  b a t t e r y  charger  ope ra t ing  

from o r b i t e r  power. The s u r f a c e  payload b a t t e r y  is  a l s o  maintained i n  a charged 

condi t ion  dur ing  c r u i s e  by i ts  b a t t e r y  charger  ope ra t ing  from o r b i t e r  power. 

Each b a t t e r y  charger  has two modes of ope ra t ion .  I n  t h e  f i r s t  mode i t  

charges the  b a t t e r y  a t  a cons tan t  p o t e n t i a l  of 1 .98 v o l t s / c e l l  bu t  w i th  cu r ren t  

l i m i t i n g  a t  a 20-hour ra te .  Charging cu r ren t  i s  sensed,  and when t h i s  cu r ren t  

reduces t o  t h e  100-hour ra te ,  the  b a t t e r y  i s  put  on f l o a t  charge a t  1.87 v o l t s  

- + .01 v o l t s  p e r  ce l l .  Each t i m e  power is removed from t h e  b a t t e r y  charger  and 

then r eapp l i ed ,  t h e  charger  r e v e r t s  t o  t h e  f i r s t  ope ra t ing  mode. 

Three au tomat i ca l ly  a c t i v a t e d  s i l v e r - z i n c  b a t t e r i e s  are a l s o  contained 

wi th in  t h e  e l e c t r i c a l  power system. These b a t t e r i e s  are designed t o  be h e a t  

s t e r i l i z e d  i n  a dry charged condi t ion .  Each b a t t e r y  i s  a c t i v a t e d  us ing  a gas 

genera tor  con ta in ing  dua l  pyrotechnic  i n i t i a t o r s .  Act ivated s t and  l i f e  i s  a t  

least 12 hours .  The b a t t e r i e s  are a high rate design and are used during 

descent  and e n t r y  t o  supply the  high pu l se  cu r ren t  requirements f o r  t h e  a t t i t u d e  

c o n t r o l  and propuls ion  subsystems, pyrotechnic  i n i t i a t o r s ,  and deployment 

a c t u a t o r s .  

It i s  assumed t h a t  power f o r  t he  l ande r  support  equipment mounted i n  t h e  

Th i s  equip- o r b i t e r  w i l l  be  provided d i r e c t l y  from t h e  o r b i t e r  power system. 

ment r e q u i r e s  a maximum of 13.1 w a t t s .  

4 . 2 . 2 . 3 . 3  Opera t iona l  desc r ip t ion :  During t h e  pre-launch phase and u n t i l  

about 5 minutes be fo re  l i f t - o f f ,  t h e  launch complex o p e r a t i o n a l  support  equip- 

ment provides  power t o  t h e  e l e c t r i c a l  power system. During t h e  launch phase,  

power is suppl ied  from t h e  descent /en t ry  b a t t e r y  f o r  ope ra t ion  of t h e  i n s t r u -  

mentation and te lemet ry  subsystems. Transfer  t o  o r b i t e r  power occurs  upon com- 
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p l e t i o n  of t h e  launch phase and a f t e r  deployment of t h e  o r b i t e r  s o l a r  a r r a y .  

Subsequently,  and during i n t e r p l a n e t a r y  c r u i s e ,  o r b i t e r  power i s  r egu la t ed  by 

t h e  DC-to-DC conver t e r  and d i s t r i b u t e d  t o  the  us ing  subsystems and b a t t e r y  

chargers  by t h e  power swi tch ing  and l o g i c  u n i t .  

During per iods  of high power usage o r  midcourse maneuvers, o r b i t e r  power 1 

may no t  be a v a i l a b l e  t o  t h e  l ande r  and s u r f a c e  payload. A t  t h i s  t i m e ,  on I 

b 

command from t h e  o r b i t e r ,  and f a i l i n g  t h a t  upon d e t e c t i o n  of loss of o r b i t e r  

power, t h e  d i s t r i b u t i o n  bus is t r a n s f e r r e d  t o  d e s c e n t l e n t r y  b a t t e r y  power by 

t h e  power swi tch ing  and l o g i c  u n i t  t o  main ta in  ope ra t ion  of t h e  ins t rumenta t ion  

and te lemet ry  subsystems. When o r b i t e r  power becomes a v a i l a b l e  aga in ,  t h e  

d i s t r i b u t i o n  bus is aga in  suppl ied  by r egu la t ed  o r b i t e r  power v i a  t h e  DC-to-DC 

conver te r ,  and t h e  descen t l en t ry  b a t t e r y  i s  aga in  placed on f l o a t  charge.  The 

maximum amount of energy removed from t h e  descent /en t ry  b a t t e r y  dur ing  each of 

t h e s e  per iods  i s  no t  expected t o  exceed 10 percent  of i t s  capac i ty .  

Approximately one hour p r i o r  t o  sepa ra t ion ,  on command from t h e  sequencer,  

t h e  d i s t r i b u t i o n  bus i s  t r a n s f e r r e d  from o r b i t e r  power t o  t h e  descen t / en t ry  

b a t t e r y .  From t h i s  t i m e  (pre-separa t ion  checkout) ,  u n t i l  l anding ,  power is 

provided by t h e  descen t l en t ry  b a t t e r y .  

The t h r e e  au tomat ica l ly  a c t i v a t e d  b a t t e r i e s  are i n i t i a t e d ,  on command from 

t h e  sequencer,  during pre-separa t ion  checkout. Two of t hese  b a t t e r i e s  provide  

power t o  s e p a r a t e ,  redundant buses  f o r  pyrotechnic  i n i t i a t i o n .  A l l  t h r e e  

b a t t e r i e s  are connected t o  a t h i r d  bus f o r  ope ra t ion  of high pu l se  c u r r e n t  

equipment. 

A f t e r  l anding ,  on command from t h e  sequencer ,  t h e  d i s t r i b u t i o n  bus i s  
I 
1 

t r a n s f e r r e d  from t h e  descen t l en t ry  b a t t e r y  t o  t h e  s u r f a c e  payload b a t t e r y .  

Surface opera t ions  cont inue u n t i l  t h e  s u r f a c e  payload b a t t e r y  is  exhausted. 

With t h e  l a r g e  b a t t e r y  contingency f o r  thermal c o n t r o l ,  two days of ope ra t ion  

i s  expected i n  w a r m  c y c l i c  temperature environment. 

4.2.2.3.4 Performance: The performance c h a r a c t e r i s t i c s  of t h e  power 

sources  are t abu la t ed  i n  Table 4.2.2.3.4-1.  

is two b a t t e r y  changes ( 3  pounds each) ,  a conve r to r / r egu la to r  ( 4  pounds), and 

t h e  power switching and l o g i c  u n i t  (13 pounds). 

Addi t iona l  power system equipment 

The power swi tch ing  and l o g i c  

u n i t  w i l l  be  subdivided i n t o  two s e c t i o n s :  one f o r  descent  and e n t r y  equipment, 

and one f o r  s u r f a c e  payload equipment. 

i 4.2.2-3 1 
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TAB L E  4.2.2.3.4- 1 

POWER SOURCE PERFORMANCE CHARACTERISTICS 
CONCEPT IJ 

NTRY BATTERY 
TYPE = PRIMARY; SEALED, MANUALLY ACTIVATED, SILVER-ZINC 
CAPACITY = 425 WATT-HOURS 
ENERGY DENSITY 19 WATT-HOURS/POUND 
WEIGHT = 22 POUNDS 
WET STAND LIFE = 12 MONTHS 
CYCLE LIFE -L 4 CHARGE/DISCHARGE CYCLES AT 100% OF CAPACITY 
REGULATION = 29.5 t 4.5 VOLTS 
TEMPERATURE LIMITS: 

WET STORAGE = O°F TO 6OoF 
NORMAL USE : 5O0F TO 120°F 

SURFACE PAYLOADBATTERY 
TYPE - PRIMARY; SEALED, MANUALLY ACTIVATED, SILVER-ZINC 
CAPACITY - 2210 WATT-HOURS 
ENERGY DENSITY = 36 WATT-HOURS/POUND 
WEIGHT = 61 POUNDS 
WET STAND L IFE  -- 12 MONTHS 
CYCLE LIFE 
REGULATION = 28 2 4 VOLTS 
TEMPERATURE LIMITS: 

4 CHARGE/DISCHARGE CYCLES AT 100% OF CAPACITY 

WET STORAGE = O°F TO 60°F 
NORMAL USE = 5O0F TO 120°F 

HIGH CURRENT BATTERY 
TYPE = PRIMARY; AUTOMATICALLY-ACTIVATED, SILVER-ZINC 
CAPACITY = 20 WATT-HOURS 
ENERGY DENSITY = 4 WATT-HOURS/POUND 
WEIGHT = 5 POUNDS 
WET STAND LIFE = 12 HOURS 
DRY STORAGE LIFE = 24 MONTHS 
REGULATION = 27 2 7 VOLTS 
PEAK LOAD CURRENT = 25 AMPERES 
TEMPER ATUR E LIMITS: 

D = -65OF TO 160°F 
ACTIVATED 2OoF TO 120°F 
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The performance c h a r a c t e r i s t i c s  of t h e  manually a c t i v a t e d  b a t t e r i e s  are 

p red ic t ed  on t h e  p ro jec t ed  energy dens i ty  of Figure 3.2.3-7. 

performance i s  n e c e s s a r i l y  conserva t ive  and assumes cont inuing  development of  

hea t  s t e r i l i z a b l e  silver-zinc b a t t e r i e s .  

Therefore  t h e  

4.2.2.3.5 Development s t a t u s :  Except f o r  t he  b a t t e r i e s ,  t h e  e l e c t r i c a l  

power system components are not  long  l ead  t i m e  development i t e m s .  However, 

b a t t e r y  development i s  c r i t i c a l  f o r  a 1973 launch d a t e .  Maximum development 

e f f o r t  i s  requi red  i n  o rde r  t o  o b t a i n  adequate  engineer ing  d a t a  on w e t  l i f e ,  

cyc le  l i f e ,  and loss  rates f o r  hea t  s t e r i l i z a b l e  b a t t e r i e s .  L i t t l e  da t a  e x i s t s  

on w e t  l i f e  and cyc le  l i f e  of h e a t  s t e r i l i z a b l e  systems. Data i s  u rgen t ly  

needed on the  cyc le  l i f e  c a p a b i l i t y  a f t e r  t h e  extended w e t  s t and  per iod of  

i n t e r p l a n e t a r y  c r u i s e  i n  o r d e r  t o  determine the  b a t t e r y  capac i ty  and depth of 

d i scharge  t h a t  w i l l  provide t h e  c y c l e  l i f e  requi red  f o r  s p e c i f i c  missions.  

Since t h e  i n t e r p l a n e t a r y  c r u i s e  per iod  i s  about 220 days,  and a 90-day s u r f a c e  

mission c a p a b i l i t y  is  d e s i r a b l e ,  a t  least  a year  o r  more of t e s t i n g  w i l l  be  

requi red  be fo re  s i g n i f i c a n t  d a t a  is obtained.  Therefore ,  immediate i n i t i a t i o n  

of such a program i s  imperat ive t o  design a v e h i c l e  f o r  t h e  1973 launch d a t e .  

1' 

An a l t e r n a t e  s o l u t i o n  t o  w e t  hea t  s t e r i l i z a t i o n  of s e a l e d ,  Ag-Zn b a t t e r i e s  

i s  s t e r i l e  a c t i v a t i o n  of a dry ,  h e a t - s t e r i l i z e d  b a t t e r y  and e l e c t r o l y t e  and 

subsequent s t e r i l e  i n s e r t i o n  o r  assembly i n t o  t h e  f l i g h t  capsule .  This  tech-  

nique has  been proven f e a s i b l e  w i t h  no f a i l u r e  of  t h e  s t e r i l i z a t i o n  procedure.  

Furthermore, long w e t  l i f e ,  s i l v e r - z i n c  b a t t e r i e s  of c u r r e n t ,  n o n s t e r i l e  

technology w e r e  t e s t e d ,  i n d i c a t i n g  t h a t  l i t t l e  development may be  r equ i r ed  t o  

extend cu r ren t  technology t o  a s te r i le  b a t t e r y  by t h e  dry h e a t  s t e r i l i z a t i o n  

technique.  
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4.2.2.4 Guidance and con t ro l .  - The guidance and c o n t r o l  system c o n s i s t s  

of a t t i t u d e / d e o r b i t  v e l o c i t y  c o n t r o l  e l e c t r o n i c s  ( i n e r t i a l  measurement u n i t ,  

and c e n t r a l  computer and sequencer) ,  l anding  r ada r ,  and r ada r  altimeter. 

4.2.2.4.1 At t i t ude /deorb i t  v e l o c i t y  c o n t r o l  e l e c t r o n i c s :  This  system 

c o n s i s t s  of an  I n e r t i a l  Measurement Unit (IMU) and Cen t ra l  Computer and 

Sequencer (CC&S) with t h e i r  power supp l i e s .  The IMU senses  i n e r t i a l  body rates 

about a l l  t h r e e  body axes and a c c e l e r a t i o n  along t h e  r o l l  ax i s .  

cepts and processes  t h e  IMLJ s i g n a l s  and landing  r ada r  range and v e l o c i t y  

measurements and genera tes  commands f o r  t h e  propuls ion  subsystems t o  guide and 

c o n t r o l  t h e  capsule  from o r b i t e r  s epa ra t ion  t o  touchdown on t h e  Martian sur face .  

The CC&S a l s o  performs a l l  capsule  and lander  sequencing. 

of t h e  c o n t r o l  sensors ,  computer, and f l i g h t  sequencing has been der ived  from 

parametric s t u d i e s  presented  i n  Sec t ions  3.2.4 and 3.2.5. The weight sav ings  

r e s u l t i n g  from t h i s  design approach i s  d iscussed  i n  d e t a i l  i n  Sec t ion  3.2.5. 

The giiidance and r n n t r o l  equipment t o t a l  weight i s  37 l b .  

The CC&S ac- 

The des ign  s e l e c t i o n  

Control  Requirements and Desim Goals - Table 4.2.2.4-1 summarizes t h e  

c o n t r o l  system opera t ions  during each mission phase. Table 4.2.2.4-2 shows t h e  

c o n t r o l  accuracy des ign  goa ls  and ca l cu la t ed  system performance. The system 

performance i n  a l l  cases meets o r  exceeds t h e  requirements and design goals .  

The 300 meter sepa ra t ion  requi red  between t h e  o r b i t e r  and t h e  capsule  be- 

f o r e  d e o r b i t  motor i g n i t i o n  i s  accomplished wi th in  20 minutes,  t o  l i m i t  t he  

system a t t i t u d e  d r i f t  before  t h i s  c r i t i c a l  event .  System checkout c a p a b i l i t y  

a f t e r  enc losure  i n  the  s t e r i l i z a t i o n  c a n i s t e r  i s  provided be fo re  and a f t e r  

launch. 

System Descr ip t ion  - A func t iona l  block diagram of t h e  a t t i t u d e / d e o r b i t  

v e l o c i t y  c o n t r o l  e l e c t r o n i c s  is shown i n  Figure 4.2.2.4-1, and a summary of 

c h a r a c t e r i s t i c s  i s  given i n  Table 4.2.2.4-3. The strapped-down IMLJ w i t h  a 

d i g i t a l  computation c a p a b i l i t y  provides  a minimum weight and r i s k  system and 

a l s o  t h e  g r e a t e s t  mission accuracy and f l e x i b i l i t y .  

The IMLJ conta ins  t h r e e  rate i n t e g r a t i n g  gyros,  one i n t e g r a t i n g  accelero-  

meter, and a power supply.  This  u n i t  is  mounted on t h e  l ande r ,  nea r  t h e  

capsule  c e n t e r  of m a s s ,  such t h a t  t h e  accelerometer  senses  dece le ra t ions  along 

t h e  r o l l  axis and t h e  gyros sense  r o t a t i o n s  about each or thogonal  body ax i s .  
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TABLE 4.2.2.4-1 

ATTITUDE DEORBIT VELOCITY CONTROL SYSTEM OPERATIONAL SEQUENCE 

MISSION 
PHASE 

PRIOR TO 
SEPARATION 

SEPARATION 

Z OA ST- T 0- 
D EORBl T 

DEORBIT 

COAST-TO- 
ENTRY 

ENTRY 

PARACHUTE 
DESCENT 

TERMINAL 
DESCENT 

SYSTEM OPERATIONAL DESCRIPTION 

0 WARM-UP AND ACTIVATION. 
e OPERATIONAL VERlF ICATION 
a ALIGNMENT TRANSFER AND SEPARATION MODE SETUP. 

I) CAPTURE PRE-SEPARATION ALIGNMENT. 
e 3-AXIS ATTITUDE HOLD TO ' 0.25 DEG 

e MANEUVER CAPSULE INTO DEORBIT THRUST ATTITUDE; 
REFERENCE FRAME IS ROTATED, ONE AXIS AT A TIME AT 1.0 DEGISEC, 
WITH VEHICLE FOLLOWING. 

* RETURN TO THREE AXIS HOLD MODE. * 0.25 DEG. 

e CONTINUE THREE AXIS HOLD MODE, 
o TERMINATE THRUST USING INTEGRATED AXIAL ACCELEROMETER SIGNAL. 

e MANEUVER TO ZERO ENTRY ANGLE OF ATTACK ATTITUDE. SIMILAR TO DE-ORBIT 

4 0.25 DEG. 

THRUST MANEUVER. 
e SWITCH TO 3-AXIS ATTITUDE HOLD, t 3 DEG. 

e SENSE ATMOSPHERIC ENTRY (0.059) 
e SWITCH TO PITCH AND YAW RATE LIMITING ( +  3 DEG'SEC). 
0 CONTINUE ROLL ATTITUDE HOLD ( *  3.0 DEG) 

e INITIATE AERODYNAMIC VELOCITY VECTOR DIRECTION CALCULATION. 

e UNCONTROLLED FLIGHT. 
e CONTINUE VELOCITY VECTOR DIRECTION CALCULATIONS. 

o PARACHUTE SEPARATION AND TERMINAL ENGINE IGNITION. 
* 3-AXIS ATTITUDE HOLD, 

ROLL AXIS ALIGNED TO COMPUTED AERODYNAMIC VELOCITY VECTOR FOR RADAR 
ACQUl SI TlON. 

o CONSTANT AXIAL ACCELERATION COMMAND. 
e AFTER RADAR ACQUISITION, ROTATE REFERENCE FRAME WITH VEHICLE FOLLOWING 

TONULLLATERALVELOCITY COMPONENTS. 
a INTERCEPT PRE-PROGRAMMED DESCENT PROFILE AND GENERATE VELOCITY 

o AT PRE-PROGRAMMED SLANT RANGE SWITCH BACK TO 3-AXIS ATTlTUDE HOLD, AND 
COMMANDS AS FUNCTION OF SLANT RANGE. 

COMMAND CONSTANT VELOCITY DESCENT TO ENGINE CUT-OFF. 
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TABLE 4.2.2.4-2 

SUMMARY OF SYSTEM DESIGN GOALS & PERFORMANCE 

CONTROL PARAMETER 

0 DE-ORBIT THRUST DIRECTJON POINTING ERROR 

0 DEORBIT VELOCITY (AV)  INCREMENT 
UNC ER TAlN TY 

- PARALLEL TO SPECIFIED COMPONENT 
- NORMAL TO SPECIFIED COMPONENT 

0 ENTRY ANGLE-OF-ATTACK UNCERTAINTY 
(10 HR MAX. DESCENT TIME) 

0ROLLREFERENCEUNCERTAlNTYATENTRY 

0 VELOCITY VECTOR DIRECTION UNCERTAINTY 

(10 HR MAX DESCENT TIME) 

AT TERMINAL PROPULSION IGNITION 

DESIGN 
GOAL 
( 3 4  

f. 1.0' 

t 0.75% 
t 1.5% 

t 150' 

5 15.0' 

f 20° 

SYSTEM 
PERFORMANCE 

130 1 

f 0.81° 

t 0.5% 
z 1.5% 
t 13.6' 

t 13.6' 

t 17' 
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A s i n g l e  accelerometer, mounted on t h e  r o l l  a x i s ,  i s  adequate  t o  m e e t  t h e  

de-orbi t  v e l o c i t y  accuracy requirement.  Each IMU senso r  uses  t h e  t e r n a r y  

(pulse-on-demand) reba lance  p r i n c i p l e .  

whi le  a l s o  al lowing h ighe r  dynamic ranges.  

erometer r ep resen t s ,  r e s p e c t i v e l y ,  a p r e c i s e  incrementa l  a t t i t u d e  o r  v e l o c i t y  

change. 

This  technique provides  lower b i a s e s  

Each p u l s e  from a gyro o r  t h e  accel- 

The CC&S is  a g e n e r a l  purpose d i g i t a l  computer w i t h  a cent ra l  processor ,  

core  memory, c o n t r o l  c i r c u i t r y ,  and ga t ing  and i n t e r f a c e  c i r c u i t r y .  A power 

cond i t ione r ,  w i t h  s p e c i a l  guard a g a i n s t  memory l o s s ,  i s  se l f -conta ined .  This  

package is  mounted on t h e  l ande r ,  next  t o  t h e  IMU. 

a need f o r  1850 permanent s t o r a g e  d a t a  words and program i n s t r u c t i o n s  and 426 

v a r i a b l e  d a t a  words. A 4096 word capac i ty  (of which 512 are updatable)  is  

provided f o r  miss ion  growth. 

checkout t e s t i n g  and landing f l i g h t  sequencing. The d a t a  word of 20 b i t s  i s  

based on s imula t ion  s t u d i e s  which show 1 9  b i t s  are adequate  t o  l i m i t  round o f f  

e r r o r s  i n  t h e  l i n e a r i z e d  Euler  dynamic equat ions used f o r  a t t i t u d e  s t a b i l i z a -  

t i o n .  The o t h e r  b i t  is  provided f o r  a r i t h m e t i c  s ign .  

and serial  a r i t h m e t i c  w a s  s e l e c t e d  a f t e r  e s t a b l i s h i n g  t h e  maximum i t e r a t i o n  

speeds f o r  t h e  a t t i t u d e  c o n t r o l  and f l i g h t  sequencing subrout ines .  

A memory s i z i n g  s tudy  showed 

This  capac i ty  a l s o  provides  f o r  a l l  pre-separa t ion  

The o p e r a t i o n a l  speed 

Opera t iona l  Descr ip t ion  - The ope ra t iona l  sequence i s  shown i n  F igure  

4.2.2.4-1.  Approximately 24 hours p r i o r  t o  c a p s u l e / o r b i t e r  s epa ra t ion ,  t h e  

CC&S i s  a c t i v a t e d .  

according t o  t h e  CC&S s t o r e d  memory sequence. The f i r s t  test  func t ion  v e r i f i e s  

t h e  CC&S memory conten t ,  and checks s p e c i f i c  test a lgor i thms.  The IMU senso r s  

are monitored whi le  ope ra t ing  t o  d e t e c t  unacceptable  gyro d r i f t s ,  accelerometer  

b i a s ,  and scale f a c t o r  i n s t a b i l i t y .  

( i . e . ,  from t h e  gyro response t o  t h e  propuls ion element d r i v e r  s i g n a l ) .  

A l l  systems and b u i l t - i n  test equipment are exe rc i sed  

The system is  a l s o  checked end-to-end 

One hour p r i o r  t o  sepa ra t ion ,  t h e  IMU is  a c t i v a t e d  under t h e  c o n t r o l  of 

t h e  CC&S incorpora ted  landing f l i g h t  sequencing program. The s e p a r a t i o n  a t t i -  

tude  r e fe rence  is  i n i t i a l i z e d  i n  t h e  CC&S. A f t e r  s epa ra t ion ,  t h e  c o n t r o l  sys- 

t e m  main ta ins  a t h r e e  a x i s  a t t i t u d e  hold (20.25 deg) using body a t t i t u d e  e r r o r  

summed wi th  measured body rate i n  commanding t h e  React ion Control  System (RCS) 
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opera t ion .  

provid ing  active damping. 

The computer ca l cu la t ed  rate s t a b i l i z e s  t h e  a t t i t u d e  c o n t r o l  by 

During t h e  coast- to-deorbi t  phase,  t h e  capsu le  i s  maneuvered t o  t h e  de- 

o r b i t  t h r u s t  a t t i t u d e .  This  c o n t r o l  mode i s  i d e n t i c a l  t o  t h e  preceding,  

except t h a t  t h e  r e fe rence  frame i s  r o t a t e d ,  one a x i s  a t  a t i m e ,  a t  a cons t an t  

1 .0  deg/sec rate. 

maneuver te rmina t ion ,  t h e  system r e t u r n s  t o  t h e  20.25 degree,  t h r e e  a x i s  

a t t i t u d e  hold mode f o r  deo rb i t  t h r u s t i n g .  Thrust ing i s  terminated us ing  t h e  

i n t e g r a t e d  axial  accelerometer  ou tput .  

The v e h i c l e  axes fo l low t h e  r o t a t e d  r e fe rence  frame. A f t e r  

Af t e r  deo rb i t  t h r u s t i n g ,  t h e  capsule  i s  maneuvered i n t o  a zero e n t r y  

angle  of a t t a c k  a t t i t u d e .  This  maneuver mode is  i d e n t i c a l  t o  t h a t  used f o r  

- t h e  d e o r b i t  t h r u s t  maneuver. During t h e  per iod  between maneuver completion 

and e n t r y ,  computer c a l c u l a t e d  a t t i t u d e  s t a b i l i z a t i o n  i s  employed. 

a t t i t u d e  hold deadband of 5 3  degrees  r e s u l t s  i n  minimal l i m i t  cyc l e  f u e l  con- 

sumption and c o n t r o l  accuracy degradat ion.  The computer accumulates IMU a t t i -  

tude change pu l ses ,  c a l c u l a t e s  i n e r t i a l  body rates, and genera tes  RCS j e t  com- 

mands from e r r o r  s i g n a l s  der ived from l i n e a r i z e d  Euler  angle  dynamic equat ions.  

These a t t i t u d e  c a l c u l a t i o n s  e l imina te  any "coning" e r r o r s  r e s u l t i n g  from l i m i t  

cyc l e  motions.  The low i t e r a t i o n  speeds of t he  subrout ine  during t h i s  phase 

al low t h e  computer l o g i c  t o  be cyc led  on/of f .  

reduces t h e  computer power consumption by 53%. 

A t h r e e  a x i s  
* 

This  l o g i c  i d l e  technique 

A t  atmospheric e n t r y  (0.05g) a t t i t u d e  c o n t r o l  is  switched t o  p i t c h  and yaw 

rate damping (53 deg/sec ra te  l i m i t i n g ) .  The r o l l  a t t i t u d e  hold (2 3.0 deg) is 

cont inued ,  Rate damping i n  the  p i t c h  and yaw axes assists i n  main ta in ing  

aerodynamic t r i m ,  and provides  a s t a b l e  environment f o r  the  e n t r y  experiments.  

The p r e f e r r e d  r o l l  mode al lows t h e  use of  a fan  beam r a d a r  altimeter wi th  

s i g n f i f c a n t  accuracy, range, and weight improvements re la t ive t o  an altimeter 

system wi th  hemispherical  r a d i a t i o n  p a t t e r n .  

Ca lcu la t ion  of t h e  aerodynamic v e l o c i t y  vec to r  d i r e c t i o n  begins  a t  atmos- 

phe r i c  e n t r y ,  During e n t r y  a t  peak dynamic p res su re ,  t h e  capsule  r o l l  a x i s  i s  

c l o s e l y  a l igned  t o  t h e  v e l o c i t y  vec to r .  A t  t h i s  t i m e  a computer r o u t i n e  is  

i n i t i a t e d ,  and t h e  computer begins  t h e  c a l c u l a t i o n  of t h e  d i r e c t i o n  cos ines  
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of t h e  body axes.  

Euler  ang le s ,  and used them t o  r o t a t e  t h e  r e fe rence  frame. 

computed r o l l  a x i s  r e fe rence  fol lows t h e  g r a v i t y  t u r n  without  fol lowing t h e  

h igher  frequency body o s c i l l a t i o n s  caused by winds and o t h e r  d i s turbances .  

The ang le s  der ived  from t h e s e  computed d i r e c t i o n  cos ines  become t h e  i n i t i a l  

p i t c h  and yaw Euler  ang le s  used a t  t h e  start of t e rmina l  descent .  This  tech- 

n ique  provides  a favorable  a t t i t u d e  f o r  landing r a d a r  a c q u i s i t i o n .  

The r o u t i n e  e f f e c t i v e l y  f i l t e r s  t h e  computed p i t c h  and yaw 

I n  t h i s  manner t h e  

A r ada r  alt imeter mark i n i t i a t e s  t h e  parachute  deployment/aeroshel l  sepa- 

r a t i o n  sequence. 

The c a l c u l a t i o n  of t h e  aerodynamic v e l o c i t y  v e c t o r  d i r e c t i o n  is  continued 

and t e rmina l  descent  engine i g n i t i o n  and parachute  release is  i n i t i a t e d  by 

a s i g n a l  from t h e  r ada r  altimeter. 

During parachute  descent  no r e a c t i v e  c o n t r o l  is  employed. 

A t  t h e  beginning of t e rmina l  descent  an i n e r t i a l  a t t i t u d e  hold mode is  

e s t a b l i s h e d ,  using t h e  computed p i t c h  and yaw Euler  angles  from t h e  v e l o c i t y  

vec to r  d i r e c t i o n  rou t ine .  I n  the  a t t i t u d e  hold mode, a t t i t u d e  e r r o r  and 

body rate are summed t o  form p ropor t iona l  t h r o t t l e  commands. A con- 

s t a n t  a x i a l  a c c e l e r a t i o n  command wi th  an a c c e l e r a t i o n  feedback loop c losed  

through t h e  IMU is  used. 

Af t e r  landing r ada r  a c q u i s i t i o n ,  t h e  a t t i t u d e  c o n t r o l  i s  switched from 

i n e r t i a l  a t t i t u d e  hold t o  r ada r  s t e e r i n g  i n  t h e  p i t c h  and yaw body axes  t o  n u l l  

t h e  r ada r  measured l a t e ra l  v e l o c i t y  components. 

programmed descent  p r o f i l e ,  t h e  command of t h e  a x i a l  component of t h e  t e rmina l  

propuls ion  t h r u s t e r s  i s  generated according t o  t h e  pre-programmed range /ve loc i ty  

func t ion .  A t  a pre-set  s l a n t  range (e .g . ,  50 f t ) ,  a t t i t u d e  c o n t r o l  is  switched 

back t o  i n e r t i a l  ho ld ,  and a cons tan t  v e l o c i t y  (e.g. ,  5 f t / s e c )  i s  commanded 

u n t i l  engine c u t o f f  a t  10 f t  a l t i t u d e .  

Upon i n t e r c e p t i n g  t h e  pre- 

Performance - System performance i s  presented  i n  Table 4.2 .2 .4 -2  along 

wi th  des ign  goa l s .  I n  a d d i t i o n  t o  a l l  dynamic e r r o r  sources ,  t h e  a t t i t u d e  

accuracy e r r o r  ana lyses  have a l s o  included a l l  i r r e d u c i b l e  i n i t i a l  system e r r o r s .  

These include:  (1) IMU t o  capsule  mounting alignment unce r t a in ty ,  ( 2 )  capsule  

t o  o r b i t e r  mounting alignment unce r t a in ty ,  and (3) o r b i t e r  deadband l i m i t  c y c l e  
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motions a t  capsule  sepa ra t ion .  

meets o r  exce l s  a l l  requirements and design goa l s .  

The ca lcu la t ed  capsule  c o n t r o l  performance 

Development S t a t u s  - The d i g i t a l  IMU w i l l  i nco rpora t e  s t e r i l i z a b l e  sen- 

s o r s .  

design/development c o n t r a c t .  The accelerometer  has  been b u i l t ,  t e s t e d ,  and 

success fu l ly  opera ted  i n  temperature  environments which are as s t r i n g e n t  as 

those imposed by s t e r i l i z a t i o n .  

problems, s i n c e  they are bo th  he rme t i ca l ly  sea l ed .  The concept of  body mounted, 

pu l se  rebalanced sensors  has  been success fu l ly  used f o r  t he  PRIME system mission,  

which has  environmental  extremes exceeding those  expected f o r  t h i s  capsule .  

The LM abor t  sensor  assembly (IMU) conta in ing  pulsed  rebalanced gyros and acce l -  

erometers has  s u c c e s s f u l l y  completed q u a l i f i c a t i o n  t e s t i n g .  

The s e l e c t e d  gyro has  been developed under a s p e c i a l  s t e r i l i z a t i o n  

Nei ther  type of s enso r  poses ET0 test c y c l e  

The computer can be mechanized from e x i s t i n g  components and technology. 

S i m i l a r  magnetic co re  systems have been test  proven t o  wi ths tand  t h e  s t e r i l i z a -  

t i o n  environment. The magnetic co re  memory technology has been space  q u a l i f i e d  

i n  numerous previous  a p p l i c a t i o n s .  

4.2.2.4.2 Landing r a d a r  system: The landing r ada r  system employs t h r e e  

t h r e e  CW(continuous wave) v e l o c i t y  sens ing  beams and a s i n g l e  l i n e a r  FM/CW 

(frequency modulation/continuous wave) range sens ing  beam. This  design i s  

based on a minimum modif ica t ion  t o  the  LM (Lunar Module) landing radar .  Land- 

ing  r ada r  der ived range and v e l o c i t y  information is provided from parachute  

sepa ra t ion  a l t i t u d e  t o  engine cu t -of f .  

radar  system are d iscussed  i n  Sec t ion  3.2.4.2.  

Parametr ic  s tudy  r e s u l t s  of t h e  landing 

Requirements and Cons t r a in t s  - The primary requirements of t h e  landing 

radar  are as fol lows:  

a )  To provide continuous r o l l  a x i s  s l a n t  range and 3-axis v e l o c i t y  

v e c t o r  measurement from parachute  sepa ra t ion  t o  engine cut-off 

(6500 t o  10 f t . )  

b )  To provide t e rmina l  phase measurement e r r o r s  (3a) of less than  

- +1.4% - +5 f t .  f o r  s l a n t  range and 21.5% 21.5 f p s  f o r  t h e  reso lved  

v e l o c i t y  components. 
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c) To provide  c a p a b i l i t y  f o r  checkout of t h e  r a d a r  a f t e r  canister 

enc losure  and during f l i g h t .  

System Desc r ip t ion  - A block  diagram of the landing r ada r  i s  shown i n  

Figure  4 .2 .2 .4 -2 ,  and a summary of c h a r a c t e r i s t i c s  i s  given i n  Table 4.2 .2 .4 -4 .  

This  landing r ada r  is  based on a m i n i m u m  mod i f i ca t ion  t o  t h e  e x i s t i n g  LM land- 

ing  radar .  

sawtooth FM/CW range  beam. 

angles  of 25 degrees  from t h e  r o l l  axis and a t  c lock  angles  of 0 ,  110, and 180 

degrees .  

0 and 180 degree v e l o c i t y  beams. 

each f o r  t h e  v e l o c i t y  and ranging func t ions .  

antenna conta ins  i n t e r l a c e d  v e l o c i t y  and range t ransmi t  a r r a y s  toge the r  wi th  

t h e  fou r  r ece ive r  a r r ays .  

This  r ada r  employs t h r e e  CW v e l o c i t y  sens ing  beams and a s i n g l e  

The v e l o c i t y  beams are pos i t i oned  a t  h a l f  cone 

The range beam i s  pos i t ioned  along t h e  l ande r  r o l l  axis between t h e  

Two s o l i d  state t r a n s m i t t e r s  are used, one 

A s i n g l e  i n t e g r a t e d  p l ana r  a r r a y  

Each of t h e  four  r e c e i v e r  channels employs quadra ture  homodyne d e t e c t i o n  

t o  f a c i l i t a t e  sense  determinat ion and descr imina t ion  a g a i n s t  double sideband 

spur ious  s i g n a l s .  Af t e r  pre-ampl i f ica t ion ,  t h e  bea t  f requencies  a re  suppl ied  

t o  frequency t r a c k e r s .  The t r a c k e r  output  f requencies  are p ropor t iona l  t o  t h e  

doppler o r  range f requencies  (plus  a cons tan t  o f f s e t )  on each beam. The 

v e l o c i t y  t r a c k e r  s i g n a l s  are resolved i n t o  or thogonal  components, converted 
t o  ser ia l  b inary  form, and suppl ied  t o  the  guidance and c o n t r o l  system. R e l i -  

a b l e  lock  and ope ra t ion  s i g n a l s  are generated t o  i n d i c a t e  i n d i v i d u a l  t r a c k e r ,  

as w e l l  as range and v e l o c i t y  sens ing ,  ope ra t iona l  s t a t u s .  A CRO (Condit ional  

Re l i ab le  Operation, see Sect ion 3 . 2 . 4 . 2 )  mode is  a v a i l a b l e  i f  near  zero  doppler  

s i t u a t i o n s  are  encountered. The e l e c t r o n i c s  assembly provides  f o r  s e l f - t e s t i n g  

by genera t ion  and i n j e c t i o n  of test s i g n a l s  i n t o  t h e  p reampl i f i e r s .  

Phys ica l  Descr ip t ion  - The 38.6 l b  l and ing  r ada r  system i s  d iv ided  i n t o  t h e  

antenna assembly and e l e c t r o n i c s  assembly. 

s i n g l e  i n t e r l a c e d  t r a n s m i t t e r  a r r a y ,  f o u r  receiver a r r a y s ,  v e l o c i t y  and range 

t r a n s m i t t e r s ,  mixer c r y s t a l  assemblies ,  and audio frequency ampl i f i e r s .  The 

20 x 24.6 x 6 .5  inch  antenna assembly is  loca ted  on t h e  underside near  t h e  c e n t e r  

of t h e  lander  footpad,  r e s u l t i n g  i n  a clear f i e l d  of view. The e l e c t r o n i c s  

assembly con ta ins  the  four  frequency t r a c k e r s ,  d a t a  conve r t e r s ,  power supply,  

and cabl ing  subassembly. S i ze ,  weight ,  and power requirements f o r  t h e  two 

The antenna assembly c o n s i s t s  of a 
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TABLE 4.2.2.4-4 

SUMMARY OF LANDING RADAR CHARACTERISTICS 

AM OPERATING FREQUENCY 

ANTENNA GAIN 

BEAMWIDTH (2-WAY) 
NA BEAMWIDTHS (2-WAY) 

3.9 x 7.5 DEGREES 
3.7 x 7.3 DEGREES 

VELOCITY BEAM POSITIONS L AXIS AT CLOCK ANGLES 

33 MW PER BEAM 
LINEAR SAWTOOTH FM 
8 MHz, R > 2500 FEET 
40 MHz, R < 2500 FEET 

RECEIVER NOISE FIGURE 14 d B  AT 10 KHz, INCREASING WITH DECREASING 

1600 Hz, R 7 2500 FEET 
1000 HI, R < 2500 FEET 

FREQUENCY 

VELOCITY TRACKER FILTER BEAMWIDTH 

NlCS ASSEM~LY SIZE 
24.6 x 20 x 6.5 IN. 
4.9 x 6.8 x 14.4 IN. 
13.3 L B  
2.0 L B  
137 WATTS 
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assemblies  are given i n  Table  4.2.4-4. 

of microwave absorbing materialare p laced  on t h e  a e r o s h e l l  nose cap i n t e r i o r  t o  

a l low rada r  t e s t i n g  a f t e r  c a n i s t e r  enc losure .  

I n  a d d i t i o n ,  approximately two pounds 

Opera t iona l  Descr ip t ion  - P r i o r  t o  d e o r b i t  t h e  landing r a d a r  is energ ized  

f o r  s e l f - t e s t i n g .  

t h e  r ada r  is  aga in  energized a t  100 000 f t  based on a r a d a r  altimeter mark. 

The r ada r  s e a r c h / t r a c k  func t ion  is  i n h i b i t e d  u n t i l  a f t e r  s e p a r a t i o n  from t h e  

a e r o s h e l l .  

To a s s u r e  adequate  v a r a c t o r  frequency m u l t i p l i e r  warm-up t i m e ,  

Af t e r  a e r o s h e l l  s e p a r a t i o n  and during t h e  parachute  descent  phase, t h e  

r ada r  i s  allowed t o  a c q u i r e  and t r a c k  t h e  s u r f a c e  s i g n a l s  t o  v e r i f y  proper  

r ada r  opera t ion .  

during parachute  descent  because t h e  p o s s i b l e  extreme a t t i t u d e s  and a t t i t u d e  

rates prevent  continuous t r ack ing .  ( In  t h e  event  t h a t  a r ada r  malfunct ion is  

de tec ted  during parachute  descent ,  t h e  parachute  may be r e t a i n e d  t o  touchdown.) 

Landing r ada r  measured d a t a  i s  not  used f o r  e x t e r n a l  c o n t r o l  

A t  an a l t i t u d e  of about 6500 f t  t h e  parachute  is  r e l eased  v i a  a r ada r  

altimeter mark. By t h i s  t i m e  t h e  a e r o s h e l l  has reached t h e  su r face .  A t  about 

t h e  same t i m e  t h e  descent  engines are i g n i t e d ,  an i n e r t i a l  a t t i t u d e  hold mode 

i s  i n i t i a t e d ,  and t h e  r ada r  s e a r c h / t r a c k  mode is  updated, causing t h e  t r a c k e r s  

t o  search  over pre-determined frequency i n t e r v a l s  corresponding t o  t h e  condi- 

t i o n s  a t  6500 f t .  Within two seconds a f t e r  engine i g n i t i o n ,  t h e  i n e r t i a l  

a t t i t u d e  hold mode has  e s t a b l i s h e d  favorable  a t t i t u d e  and a t t i t u d e  rate condi- 

t i o n s  f o r  r ada r  a c q u i s i t i o n .  

Range and v e l o c i t y  t r a c k  i s  normally e s t a b l i s h e d  w i t h i n  5 seconds a f t e r  

engine i g n i t i o n .  

range measurement are suppl ied  t o  t h e  c e n t r a l  computer and sequencer.  

l ander  i s  then  caused t o  a l i g n  wi th  t h e  measured v e l o c i t y  vec to r .  During t h i s  

maneuver a t t i t u d e  ra te  l i m i t i n g  is employed t o  avoid excess ive  range and v e l o c i t y  

frequency t r ack ing  rates. 

The reso lved  or thogonal  v e l o c i t y  components and t h e  s l a n t  

The 

The r ada r  der ived range and v e l o c i t y  information is  used cont inuously dur- 

i ng  t h e  remaining po r t ion  of t h e  t e rmina l  descent ,  u n t i l  engine shutdown a t  

10 f t  a l t i t u d e ,  During t h i s  la t ter  po r t ion  of f l i g h t ,  landing r ada r  mode 

switching w i l l  be  performed (based on a p resc r ibed  combination of measured 
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range and velocity) wherein tracker bandwidths are reduced and the range beam 

frequency deviation is increased to provide increased accuracy. 

Performance - The performance characteristics of the landing radar are sum- 
marized in Table 4.2 .2 .4 -4 .  

beam configuration, the per beam transmitting and receiving parameters, and 

signal processing techniques. The terminal phase accuracies of Table 4.2 .2 .4 -4  

are based on computer studies described in Reference 4.2 .2 .4 -1 .  

be degraded during the initial phase of radar operation due to less favorable 

altitude, attitude, and attitude rate conditions. 

These characteristics are determined by the radar 

Accuracy will 

Development Status - The landing radar system design is predicted on the 
The major modifications maximum utilization of the existing LM radar system. 

t o  adapt it to the Mars mission are as follows: 

a) Alternate Antenna System - The antenna beam configuration must be 
changed to locate the ranging beam at the beam group centerline. 
An engineering model of an antenna providing this beam configuration 

has been fabricated and tested. 

b) Protection from Plume Damage - The heat load from the descent engines 
will require antenna thermal design modifications. 

slotted waveguide array technique will require RF transparent material, 

either bonded to the array faces or filled in individual slots, to 

prevent exhaust gas backflow damage. 

The present 

c) Sterilization - Design modification to incorporate sterilizable 
components and materials is required. From Reference 4 .2 .2 .4 -1  it is 

estimated that 5.3% of the present LM part population is questionable 

with regard to sterilization. 

Additional required modifications include the provision for in-flight 

monitoring and check-out, power supply redesign for the lander input voltage 

levels, tracker parameter optimization for the Martian descent conditions, and 

incorporation of the Conditional Reliable Operation mode. 

4 .2 .2 .4 .3  Radar altimeter system: A non-coherent pulse radar altimeter 

system similar to system 111 of Section 3 .2 .4 .3  is described herein. This 
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system d i f f e r s  from t h e  b a s e l i n e  system 111 because of t h e  i n c l u s i o n  of a secon- 

dary  antenna t o  a l low ope ra t ion  a f t e r  a e r o s h e l l  s epa ra t ion .  

Requirements and Cons t r a in t s  - Radar altimeter system requirements  and 

c o n s t r a i n t s  are summarized i n  Sec t ion  3.2.4.3. 

i cance  t o  t h i s  system are l i s t e d  below. 

Fac to r s  of p a r t i c u l a r  s i g n i f -  

a )  It provides  continuous a l t i t u d e  information from an  a l t i t u d e  of 

200 000 f t  t o  l ande r  release from t h e  parachute  f o r  e n t r y  sc i ence  

d a t a  c o r r e l a t i o n .  

b )  It provides  continuous a l t i t u d e  marks f o r  event  sequencing, inc luding  

landing r ada r  turn-on, parachute  deployment, parachute  release, and 

engine i g n i t i o n .  

c )  It provides  a l t i t u d e  accuracy c o n s i s t e n t  w i t h  t h e  c o n s t r a i n t s  of 

Sec t ion  3.2.4.3.  

d) It provides  t h e  c a p a b i l i t y  f o r  r ada r  checkout a f t e r  c a n i s t e r  enclo- 

s u r e  and during f l i g h t .  

System Descr ip t ion  - The 18.5 l b  radar  alt imeter i s  a non-coherent pu l se  

A t r i o d e  c a v i t y  transmitter ope ra t ing  

A low n o i s e  f i g u r e  

system employing l ead ing  edge t racking.  

a t  1.0 GHz provides  5 msec pu l ses  with a 500 w peak power. 

superheterodyne r e c e i v e r  wi th  RF ampl i f i ca t ion  i s  used. Two s e p a r a t e  antennas 

are used. 

which provides  f a n  beam coverage during e n t r y  wi th  t h e  capsule  he ld  i n  a pre- 

f e r r e d  r o l l  p o s i t i o n .  The secondary antenna i s  a l i n e a r l y  po la r i zed  c rossed  

s l o t  conf igu ra t ion  mounted on t h e  lander  and used a f t e r  s e p a r a t i o n  from t h e  

a e r o s h e l l .  The system provides  a l t i t u d e  information from 200 000 f t  t o  t h e  

po in t  of parachute  release. A block diagram of t h e  r a d a r  altimeter i s  shown 

i n  F igure  4.2.2.4-3 and t h e  system c h a r a c t e r i s t i c s  are summarized i n  Table 

The primary antenna is  a s i n g l e  T-fed s l o t  mounted on t h e  a e r o s h e l l ,  

4.2.2.4-5.  

Refer r ing  t o  F igure  4.2.2.4-3, the 5 msec, 50Ow t r a n s m i t t e r  pu l se s  are 

generated by t h e  h igh  vo l t age  power supply and modulator pu l s ing  t h e  t r i o d e  

o s c i l l a t o r  g r i d .  

c i r c u i t .  The RF energy i s  t r ansmi t t ed  through t h e  duplexer and RF switch t o  

e i t h e r  t h e  primary antenna,  secondary antenna,  o r  dummy load.  (The dummy load 

The modulator t r i g g e r  pu l se  t r a i n  i s  der ived  from t h e  t iming 
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TABLE 4.2.2.4-5 
SUMMARY OF RADAR ALTIMETER CHARACTERISTICS 

PRIMARY ANTENNA 
TYPE T-FED SLOT 
PATTERN 
GAIN 3.0 d5 

90' ROLL x 160' PITCH 

SECONDARYANTENNA 
TYPE CROSSED SLOT 
PATTERN 120 x 120 DEG 
GAIN 3.0 d5 

TR ANSMl TT E R 
TYPE TRIODE 
FREQUENCY 1.0 GHz 
PRF 500 Hz 
PULSE WIDTH 5 pSEC 
PEAK POWER 500 W 

RECEIVER 
TYPE 
IF BANDWIDTH 
NOISE FIGURE 

SUPERHET, RF AMP, LEADING EDGE TRACK 
200 KHz 
5 dB 

SYSTEM LOSSES (TWO WAY) I 9 d B  

PE R F OR MAN C E 
MAXIMUM ALTITUDE 
MINIMUM ALTITUDE 
ACCURACY (%)  

D ET ECTl ON PROBABI Ll TY 
FALSE ALARM TIME 

RELlABl LlTY 
SIZE, WEIGHT, POWER 

PRIMARY ANTENNA SIZE 
SECONDARY ANTENNA SIZE 
PRIMARY ANTENNA WEIGHT 
SECONDARY A ~ T E N ~ A  WEIGHT 

PRIMARY POWER 

210,000 FT 
5,000 F T  
2 0.16% ?- 630 F T  
2 SEC (SINGLE SWEEP) 
0.95 (SINGLE SWEEP) 
1 HR 

I 0.9912 

2 x 2 x 7 IN. 
2 x 7 x 7 IN. 
2.2 L B  
3.0 L B  
400 CU.IN. 
13.3 L B  
28 W 
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is  used f o r  checkout a f t e r  c a n i s t e r  enc losure . )  

receiver dur ing  t h e  t r ansmi t  per iod .  

converted t o  IF ,  ampl i f ied  a t  IF  wi th  AGC, envelope de tec t ed ,  shaped t o  accen- 

t u a t e  t h e  lead ing  edge, and then app l i ed  t o  t h e  t r ack ing  s e c t i o n .  The t r a c k e r  

p o s i t i o n s  t h e  range g a t e  on t h e  de t ec t ed  v ideo  pulse .  

ment ( t ransmit- to-receive)  y i e l d s  t h e  a l t i t u d e  estimate. Acquis i t ion  i s  per- 

formed by p rograming  t h e  range g a t e  p o s i t i o n  from maximum t o  minimum delay .  

A d iode  g a t e  i s o l a t e s  t h e  

The r e t u r n  s i g n a l  is  ampl i f ied  a t  RF, 

Elapsed t i m e  measure- 

During t h e  descent  and e n t r y  phase t h e  capsule  is  h e l d  i n  a p r e f e r r e d  

r o l l  p o s i t i o n ,  pe rmi t t i ng  a s i n g l e  T-fed s l o t  antenna t o  be used. 

s l o t  p rovides  90 degree r o l l  x 160 degree p i t c h  coverage. 

s e p a r a t i o n  and during parachute  descent  a s i n g l e  c rossed  s l o t  antenna (with 

in-phase feeding  t o  y i e l d  l i n e a r  p o l a r i z a t i o n )  is  used t o  provide 120 x 120 

This  s i n g l e  

A f t e r  a e r o s h e l l  

* coverage about t h e  r o l l  a x i s .  

Phys ica l  Descr ip t ion  - The r a d a r  altimeter system c o n s i s t s  of t h e  elec- 

t r o n i c s  assembly, primary antenna,  and secondary antenna. 

The e l e c t r o n i c s  package s i z e ,  weight ,  and primary power requirements are 

400 cu i n ,  13.3 l b s . ,  and 28 w, r e spec t ive ly .  

t a i n s  t h e  RF p a r t s  s e c t i o n  (antenna switch,  i s o l a t o r ,  c i r c u l a t o r ,  and dummy 

load) ,  t h e  receiver s e c t i o n  (diode swi tch ,  RF a n p l i f i e r ,  l o c a l  o s c i l l a t o r s ,  

and mixer) ,  t h e  I F  s e c t i o n  ( IF  a m p l i f i e r  with AGC c i r c u i t r y ,  envelope d e t e c t o r ,  

and p u l s e  shaping network),  t h e  t r a n s m i t t e r  s e c t i o n  ( t r i o d e  c a v i t y  o s c i l l a t o r ,  

modulator and h igh  vo l t age  power supply) ,  t h e  t r ack ing  and t iming s e c t i o n s  

( i n t e g r a t e d  c i r c u i t s  and d i s c r e t e  p a r t s ) ,  and t h e  main power supply.  

e l e c t r o n i c s  assembly is loca ted  on t h e  lander .  

The e l e c t r o n i c s  assembly con- 

The 

The primary antenna ( s i n g l e  T-fed s l o t )  is 7 x 2 x 2 i n . ,  and is mounted 

on t h e  a e r o s h e l l  behind an  RF window. 

r o l l  p o s i t i o n  wi th  t h e  seven inch  dimension perpendicular  t o  t h e  capsule  r o l l  

axis. The antenna weight i s  es t imated  t o  be 2.2 l b ,  exc lus ive  of t h e  window 

and mounting s t r u c t u r e .  The secondary antenna ( c a v i t y  backed, crossed s l o t )  

is  loca ted  on t h e  lower s u r f a c e  of t h e  lander .  

requirements are 7 x 7 x 2 i n .  and 3 l b ,  r e spec t ive ly .  

The s l o t  is loca ted  a t  t h e  p r e f e r r e d  

The es t imated  s i z e  and weight 

Opera t iona l  Descr ip t ion  - P r i o r  t o  d e o r b i t ,  a f t e r  t h e  s t e r i l i z a t i o n  canis -  

ter has  been r e l e a s e d ,  t h e  r ada r  al t imeter is  energ ized  f o r  s e l f - t e s t i n g .  
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Afte r  d e o r b i t ,  t h e  altimeter is  aga in  energized and begins  t r a n s m i t t i n g  via 

t h e  primary antenna be fo re  an a l t i t u d e  of 600 000 f t  i s  reached. Acquis i t ion  

normally occurs  p r i o r  t o  200 000 f t  a l t i t u d e .  A t  100 000 f t  a marking s i g n a l  

is generated t o  apply primary power t o  t h e  landing  radar .  A t  a pre-set  a l t i -  

tude ,  a marking s i g n a l  is  supp l i ed  t o  i n i t i a t e  parachute  deployment and aero- 

s h e l l  release. 

One second p r i o r  t o  a e r o s h e l l  release, t h e  sequencing func t ion  provides  a 

"modulator ho ldof f /an tenna  select" s i g n a l ,  which d i s a b l e s  t h e  t r a n s m i t t e r  

during a e r o s h e l l  release and antenna switching.  

s epa ra t ion ,  t h e  altimete!: begins  t r a n s m i t t i n g  via t h e  secondary antenna,  

r eacqu i re s  t h e  s u r f a c e ,  and e s t a b l i s h e s  t h e  a l t i t u d e  t r ack .  To d i sc r imina te  

a g a i n s t  nea r  r e t u r n s  from t h e  a e r o s h e l l ,  5 microsecond r e c e i v e r  blanking is 

used. 

chute  release and t e rmina l  propuls ion  engine i g n i t i o n .  

i s  terminated a f t e r  landing r a d a r  a c q u i s i t i o n .  

Four t o  s i x  seconds a f t e r  

A t  a pre-set  a l t i t u d e ,  a marking s i g n a l  i s  generated t o  i n i t i a t e  para- 

A l t i m e t e r  ope ra t ion  

B 

Performance - The performance c h a r a c t e r i s t i c s  are summarized i n  Table 

4.2.2.4-5. 

The primary e r r o r  c o n t r i b u t o r s  are t h e  f l u c t u a t i n g  e r r o r  due t o  s u r f a c e  rough- 

ness  and t h e  s u r f a c e  s t a t e  a l t i t u d e  b i a s  e r r o r .  

d e t e c t i o n  p r o b a b i l i t y  of 0.95 (corresponding t o  a +3dB pe r  p u l s e  S/N a t  

210 000 f t )  r e s u l t s  i n  a cumulative d e t e c t i o n  p r o b a b i l i t y  of g r e a t e r  than  

0.9985 a t  198 000 f t  a l t i t u d e .  

The b a s i s  f o r  t h e  accuracy estimate i s  given i n  Sec t ion  3.2.4.3. 

The ind ica t ed  s i n g l e  sweep 

Development S t a t u s  - The r ada r  altimeter system is  based on e x i s t i n g  pu l se  

No long l e a d  cime o r  s ta te -of - the-ar t  i t e m s  are requ i r ed  a l t i m e t r y  techniques.  

t o  des ign  and f a b r i c a t e  t h i s  system. 

t i o n  are: 

Design areas r e q u i r i n g  p a r t i c u l a r  a t t en -  

a) Electrical  Breakdown - The b a s i c  design must minimize p o t e n t i a l  

breakdown problems. Anti-breakdown i n s u l a t i o n  materials should be 

i n v e s t i g a t e d  and t e s t e d  t o  achieve r e l i a b l e  p r o t e c t i o n  a t  minimum 

weight f o r  t h e  temperature  and p res su re  extremes expected. 

b )  S t e r i l i z a t i o n  - The altimeter design must i nco rpora t e  s t e r i l i z a b l e  

components and materials. Component, subassembly, and complete system 

t e s t i n g  w i l l  be  requi red .  
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4.2.2.5 Sequencer System - The sequencer system elements provide the 

means f o r  accomplishing, independent of e a r t h  command, t h e  time-based events 

f o r :  

a) Equipment checkout p r i o r  t o  capsule  s e p a r a t i o n  and miss ion  commitment 

b)  Control  of t h e  sepa ra t ion ,  d e o r b i t ,  e n t r y ,  and landing  systems 

c) Control  of t h e  s u r f a c e  mission equipment f o r  a mission d u r a t i o n  of one 

t o  t h r e e  days 

The memory technique and t h e  hardware i n t e g r a t i o n  approach s e l e c t e d  f o r  t h e s e  

func t ions  are d iscussed  i n  Sec t ion  3.2.5.  

4 . 2 . 2 . 5 . 1  Design requirements:  The primary sequencer system design 

requirements and goa l s  are: 

a) To provide p r e c i s e  t i m e  l a p s e  countdown from an  e x t e r n a l l y  o r i g i n a t i n g  

start  s i g n a l  o r  a mission "mark" 

To provide a system design t h a t  has  minimum s i z e ,  weight and power 

requirements 

b)  

c )  To provide r e fe rence  f requencies  t o  o t h e r  using subsystems 

d )  To provide a l t e r a b l e  memory f o r  miss ion  updates  

e) To provide  b u i l t - i n  s e l f - t e s t  c a p a b i l i t y  a f t e r  enc losure  i n  t h e  

s t e r i l i z a t i o n  c a n i s t e r .  

The f i r s t  des ign  requirement r e s u l t s  from a need f o r  prec;se c i r c u i t  c lo su re  

t iming,  sometimes re ferenced  from a mission ''mark'' wi th  unpredic tab le  t i m e  

occurrence ( i . e . ,  sensing 0 .05  g a t  atmospheric e n t r y ,  passage o f  23 000 f t  

a l t i t u d e ,  etc.) .  This  c a p a b i l i t y  r e q u i r e s  a s p e c i a l  u n i t  i n t e r f a c e  des ign  

approach and i n t e r n a l  program technique. The u n i t s  a s s o c i a t e d  wi th  event  

sequencing f o r  each mission phase above m e e t  t h e s e  design requirements  and goa ls .  . 

4.2.2.5.2 System desc r ip t ion :  A f u n c t i o n a l  b lock  diagram of t h e 6 . 7  l b  se- 

quencer system is  shown i n  Figure 4.2.2.5-1, and a summary of  c h a r a c t e r i s t i c s  is  

given i n  Table 4.2.2.5-1. 

computer, which must be a v a i l a b l e  f o r  guidance and c o n t r o l  computation purposes 

provides  a minimum hardware weight and t h e  most s imple i n t e r f a c e  des ign  concept 

(See Sec t ion  3 . 2 . 5 ) .  The s e p a r a t e  u n i t  t o  c o n t r o l  s u r f a c e  ope ra t ions  minimizes 

The i n t e g r a t i o n  of a l l  pre-landing sequencing i n t o  t h e  
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Table 4.2.2.5-1 

SUMMARY OF SEQUENCER SYSTEM CHARACTERISTICS 

:ENTRAL COMPUTER 
IND SEQUENCER* 

3JRFACE SEQUENCER 
IND TIMER 

)ECODER/DRIVER 

7IRST MOTION SWTTCH 

CMPACT SWITCH 

0 S e l e c t a b l e  50 m s e c  o r  1 sec time-word resolu-  
t i o n  

0 100 PPM (30) c lock  frequency s t a b i l i t y  
(+ 3.6 s e c  accuracy i n  10 hours)  

a 555 cu. i n . ,  20.1 l b ,  34 w max 
(10% power and 28% s i z e  and weight due t o  
checkout and sequencing func t ion)  

0 128 ou tpu t s  a v a i l a b l e  f o r  each of checkout 
and f l i g h t  sequencing 
(allows 30% growth c a p a b i l i t y )  

0 1 sec  time-word r e s o l u t i o n  

0 100 PPM (30) c lock  frequency s t a b i l i t y  
(5 8.9 s e c  accuracy i n  24.6 hours)  

0 145 cu. i n . ,  5 l b . ,  6 w non-repe t i t ive  cycling 
1.5 w r e p e t i t i v e  cyc l ing  

0 64 ou tpu t s  a v a i l a b l e  
(a l lows 20% growth c a p a b i l i t y )  

0 20 cu. i n . ,  1 l b ,  1 w 
(only used f o r  checkout t e s t i n g )  

0 0.2 l b  

0 0.5 lb 

*THIS EQUIPMENT WEIGHT I S  CHARGED TO THE GUIDANCE ii CONTROL SYSTEM 
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power consumption and thermoregulat ion requirements  f o r  c lock  s t a b i l i t y .  

The Cen t ra l  Computer and Sequencer (CC&S) is a g e n e r a l  purpose d i g i t a l  

computer w i t h  a c e n t r a l  p rocessor ,  co re  memory, c o n t r o l  c i r c u i t r y ,  and inpu t /  

ou tput  s e c t i o n  (See Sec t ion  3.2.4).  The memory u n i t  employs a d a t a  word of 

20 b i t s  and has  a capac i ty  of 4096 words (512 of which are updatab le) .  

11% of t h e  s t o r e d  d a t a ,  10% of t h e  ope ra t iona l  power, and 28% of t h e  s i z e  and 

Only 

w e i g h t  of t h e  CC&S are a t t r i b u t a b l e  t o  t h e  checkout t e s t i n g  and f l i g h t  

sequencing func t ions .  

During checkout t e s t i n g ,  t h e  decoder /dr iver  decodes a l l  CC&S test commands, 

and selects an  e x i s t i n g  Surface  Sequencer and T i m e r  (SS&T) output  d r i v e r  when 

poss ib l e .  This  technique e l imina te s  d u p l i c a t i o n  of approximately 50% of t h e  

SSGrT normal miss ion  output  d r i v e r s  t o  perform t h e  checkout func t ion .  

The f i r s t  motion swi tch  i s  an electromechanical  swi tch  t h a t  v e r i f i e s  

o r b i t e r / c a p s u l e  sepa ra t ion  and s i g n a l s  t h e  CC&S t o  cont inue t h e  landing f l i g h t  

sequence. Without r e c e i p t  of t h i s  s i g n a l ,  t h e  CC&S i n h i b i t s  a l l  f u r t h e r  

sequencing, t o  prevent  i g n i t i o n  of t h e  capsule  d e o r b i t  motor whi le  i t  is  s t i l l  

a t t ached  t o  t h e  o r b i t e r .  

The sequencer and t i m e r  f o r  s u r f a c e  ope ra t ions  c o n t r o l  (SS&T) is  a c o r e  

memory device  wi th  two major program c o n t r o l  branches.  

r o u t i n e  provides  a l l  t h e  one t i m e  only and o the r  asynchronous event  t iming 

planned during t h e  equipment e r e c t i o n  and UHF r e l a y  t ransmiss ion  per iods .  

During t h e  n igh t  an experiment sequence of 2 minutes on, followed by 1 3  

minutes o f f  f o r  t h e  same instrument  and d a t a  s t o r a g e  equipment, i s  repea ted .  

A special  r e p e a t  c y c l e  timer mode a l lows  shutof f  of t h e  main memory, reducing 

One execut ive  c o n t r o l  

power consumption by 75%. 

The impact sensor  i s  a n  a c c e l e r a t i o n  sensing device  on t h e  l ande r  which 

senses  s u r f a c e  touchdown and starts t h e  SS&T f o r  c o n t r o l l i n g  t h e  landed mission.  

A backup s t a r t i n g  command i s  provided by t h e  CC&S. 

Both t h e  CC&S and SS&T have a b u i l t - i n  s e l f - t e s t  c a p a b i l i t y  t o  permit  

system test  a f t e r  enc losure  i n  t h e  s t e r i l i z a t i o n  c a n i s t e r .  The u n i t s  have 

" f a s t  t i m e "  and " sa fe  t i m e "  design f e a t u r e s ,  t o  a l low running through sequence 

po r t ions  f a s t e r  than real t i m e  without  a c t u a t i n g  miss ion  equipment ( i . e . ,  
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pyrotechnics) .  

from t h e  o r b i t e r .  

Both u n i t s  have a n  update  c a p a b i l i t y  u n t i l  capsule  sepa ra t ion  

4.2.2.5.3 Opera t iona l  desc r ip t ion :  Approximately 24 hours  p r i o r  t o  capsule /  

o r b i t e r  s e p a r a t i o n ,  t h e  CC&S a c t i v a t e s  and c o n t r o l s  a l l  systems and b u i l t - i n  

test equipment ( t o  s imula t e  miss ion  i n p u t s  where p r a c t i c a l )  according t o  t h e  

s t o r e d  memory sequence. The system responses  t o  t h e  test  commands are 

te lemetered t o  e a r t h  f o r  mission r ead iness  eva lua t ion .  Ea r th  commands f o r  

a test sequence recal l  o r  CC&S and SSdT memory update  are made as d i r e c t e d  by 

test d a t a .  

A t  1 hour p r i o r  t o  sepa ra t ion ,  t h e  o r b i t e r  commands t h e  CC&S t o  s tart  a 

s e p a r a t i o n  sequence countdown. The CC&S c o n t r o l s  t h e  equipment s t a r t -up  

requi red  and i ssued  t h e  sepa ra t ion  command. The f i r s t  motion switch d e t e c t s  

t h e  a c t u a l  phys i ca l  s e p a r a t i o n  and n o t i f i e s  t h e  CC&S t o  i n i t i a t e  t h e  f i r s t  

pos t - separa t ion  countdown sequence. 

The pos t - separa t ion  t o  s u r f a c e  touchdown per iod  c o n s i s t s  of f i v e  sequence 

A t  each consecut ive mission "mark" t h e  l a s t  sequence group d a t a  is groups. 

ignored and t h e  new sequence group time-word i n t e r r o g a t i o n s  are s t a r t e d .  

For example, a t  t h e  r ada r  altimeter "mark" of 23 000 f t ,  a l l  p r i o r  sequence 

words are branched around i n  t h e  computer program and t h e  ae rodece le ra to r  

deployment phase words are  c a l l e d  i n t o  t h e  program. 

The SS&T is  s t a r t e d  by t h e  impact swi tch  a t  touchdown. I ts  equipment 

c o n t r o l  a c t i o n s  and t ime l ine  are f i x e d  by the  memory d a t a  provided p r i o r  t o  

sepa ra t ion .  No command c a p a b i l i t y  e x i s t s  t o  modify i t s  program a f t e r  separa- 

t i o n .  

4 .2 .2 .5 .4  Performance: The t iming accu rac i e s  ind ica t ed  i n  Table 

4 .2 .2 .5 -1  exceed a l l  mission requirements and impose no s t r i n g e n t  c lock  

s p e c i f i c a t i o n s .  The time-word r e s o l u t i o n s  are chosen on mission requirements.  

The 50 msec t i m e  quan t i za t ion  of t h e  CC&S i s  provided i n  o rde r  t o  t i m e  t h e  

deo rb i t  and e n t r y  a t t i t u d e  maneuver command s i g n a l s  accu ra t e ly .  

4 . 2 . 2 . 5 . 5  Development s t a t u s :  Both t h e  CC&S and SS&T can be mechanized 

from e x i s t i n g  components and technology. S i m i l a r  magnetic c o r e  systems have 

been test proven t o  withstand t h e  s t e r i l i z a t i o n  environment. The magnetic 

core  memory technology has  been space q u a i l i f i e d  i n  numerous previous appl i -  

ca t ions .  
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4.2.2.6 Thermal c o n t r o l  - The thermal c o n t r o l  system maintains  capsule  

and l ande r  temperatures  wi th in  t h e i r  a l lowable ranges throughout a l l  mission 

phases. During f l i g h t  t he  l ande r  is  provided wi th  a con t ro l l ed  temperature  

environment by t h e  p rov i s ions  f o r  capsule  thermal cont ro l .  When exposed t o  

the  Martian s u r f a c e  environments t h e  lander  ope ra t e s  independent ly  from t h e  

sepa ra t ed  a e r o s h e l l .  

t i o n  o f  thermal  c o n t r o l  requirements ,  es tab l i shment  of conf igu ra t ions ,  and 

genera t ion  of s i z i n g  and performance da ta ,  

The primary r e s u l t s  of t he  p o i n t  design s tudy  are de f in i -  

4.2.2.6.1 Requirements and c o n s t r a i n t s :  Because t h e  environments, 

requirements and c o n s t r a i n t s  of t h e  f l i g h t  phase and t h e  landed phase are 

apprec iab ly  d i f f e r e n t ,  they w i l l  be discussed s e p a r a t e l y .  

F l i g h t  Phase - Equipment loca t ed  wi th in  t h e  lander  i s  l i m i t e d  t o  a temper-  

a t u r e  range of 20 t o  70°F. Seve ra l  components l oca t ed  ou t s ide  t h e  l ande r ,  

such as propuls ion  equipment, r e q u i r e  a c t i v e  temperature  c o n t r o l  as t h e  capsule  

cools  dur ing  i t s  f l i g h t  away from the  sun toward Mars. E l e c t r i c a l  h e a t e r s  w i l l  

be requi red ,  us ing  power drawn from t h e  s o l a r  p a n e l s  on t h e  o r b i t e r .  The 

amount of power needed depends on t h e  s o l a r  d i s t a n c e  and t h e  performance of 

mul t i l aye r  i n s u l a t i o n  provided on t h e  forward po r t ion  of t h e  s t e r i l i z a t i o n  

c a n i s t e r .  The c a n i s t e r  must be r e t a i n e d  during Mars o r b i t  t o  avoid l o s i n g  the  

in su la t ion .  The capsule  environment changes dur ing  o r b i t a l  descent  as t h e  cap- 

s u l e  becomes d i r e c t l y  exposed t o  t h e  combined so la r /deep  space environment. 

An important  cons ide ra t ion  during t h i s  per iod is  t o  avoid overcool ing t h e  

a b l a t i v e  h e a t  s h i e l d .  During the  Voyager Phase B s tudy  a minimum design 

temperature  of -150°F w a s  s e l e c t e d ,  t o  avoid p o s s i b l e  l o w  temperature degrada- 

t ion .  However, p re l iminary  t e s t i n g  of McDonnell a b l a t o r  material has  demon- 

s t r a t e d  i n t e g r i t y  t o  -300°F. 

Landed Phase - The major requirement of  t he  thermal c o n t r o l  design is  t o  

provide s u f f i c i e n t  h e a t  r e t e n t i o n  by i n s u l a t i o n  and i n t e r n a l  hea t ing  t o  prevent  

overcool ing equipment dur ing  c y c l i c  n i g h t  t i m e  o r  continuous cold ope ra t ion ,  

whi le  concurren t ly  avoid ing  overhea t ing  dur ing  Mars c y c l i c  daytime opera t ions .  

The temperature  l i m i t s  of ope ra t ing  equipment are d iv ided  i n t o  two p a r t s  : 

1) equipment r e q u i r i n g  0 t o  100°F, and 2 )  equipment r equ i r ing  50 t o  125°F. 

These ranges apply t o  equipment i n s t a l l e d  i n s i d e  the  lander .  Other experimental  
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equipment loca t ed  o u t s i d e  t h e  l ande r  w i l l  experience t h e  f u l l  range of Mars 

su r face  ambient condi t ions ,  and these  must be i n d i v i d u a l l y  temperature cont ro l -  

led.  

The equipment power p r o f i l e  c o n s i s t s  of a continuous power l e v e l  of 9.0 

w a t t s ,  wi th  peaks t o  54 w a t t s  dur ing  r e l a y  t ransmiss ion  per iods.  The pos t  

landing  environment c o n s i s t s  of a nominal c y c l i c  day temperature  environment, 

wi th  day and n i g h t  extremes of 120 and -150°F r e s p e c t i v e l y ,  f o r  both ground 

and atmosphere o r  a continuous cold (-190'F) day. A sand and d u s t  environment 

t h a t  w i l l  degrade thermal c o n t r o l  coa t ings  has been assumed. 

a f f e c t  l ande r  hea t ing  and cool ing,  have a l s o  been assumed. Addi t iona l  d e t a i l s  

on t h e  Mars s u r f a c e  environment, p l u s  those  of t he  f l igh t  phases ,  are presented  

i n  Sect ion 3.2.6. 

Winds, which 

4.2.2.6.2 System d e s c r i p t i o n  - Major elements of t he  thermal  c o n t r o l  

system are i n s u l a t i o n  b lankets  and panels  and e lectr ical  hea te r s .  I n  add i t ion ,  

a thermal c u r t a i n  is  provided over  t h e  base  of t h e  a e r o s h e l l  t o  r e t a i n  h e a t  

dur ing  o r b i t a l  descent ,  d e f l e c t  p r o p e l l a n t  r eac t ion  products ,  and reduce base 

hea t ing  t o  a e r o s h e l l  mounted equipment. Optical coa t ings  ( p a i n t s  o r  t apes )  

w i l l  be used on s u r f  aces  t h a t  r e q u i r e  s p e c i f i c  o p t i c a l  p rope r t i e s .  

F l i g h t  Phase Equipment - The major thermal c o n t r o l  components f o r  t he  

f l i g h t  phase have been def ined f o r  a f l i g h t  o r i e n t a t i o n  i n  which the  capsule  

is  p a r t i a l l y  shaded by t h e  s o l a r  pane ls  on the  o r b i t e r .  

o Mul t i l aye r  I n s u l a t i o n  Blanket - The mul t i l aye r  i n s u l a t i o n  b lanket  i s  

loca ted  on t h e  o u t s i d e  of t h e  forward po r t ion  of  the  s t e r i l i z a t i o n  c a n i s t e r .  

It  provides  t h e  primary thermal resistance between the  capsule  and t h e  deep 

space environment. The b lanket  c o n s i s t s  of l a y e r s  of p l a s t i c  f i l m  wi th  a 

h ighly  r e f l e c t i v e  coa t ing  on each layer .  As such,  i t  acts as a series of 

r a d i a t i o n  h e a t  t r a n s f e r  b a r r i e r s .  This is  the  most e f f i c i e n t  type of  i n su la -  

t i o n  f o r  covering l a r g e  s u r f a c e  areas i n  a vacuum environment. 

o Electr ical  Resis tance Heaters and Thermostat Control  Devices - Heat 

m u s t  be  generated w i t h i n  t h e  capsule  t o  replace t h a t  which i s  l o s t  t o  space,  

i f  an acceptab le  equ i l ib r ium temperature l e v e l  i s  t o  be maintained. The h e a t  

w i l l  be  generated w i t h  e lectr ical  r e s i s t a n c e  h e a t e r s  powered by s o l a r  pane ls  on 
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t h e  o r b i t e r .  

minimum temperature than  t h e  average capsule  environment. Thermostat c o n t r o l  

devices  w i l l  be  used wi th  h e a t e r s  t h a t  have a capac i ty  g r e a t e r  than 3 w a t t s ,  

t o  conserve power and avoid overheat ing.  ' 

These h e a t e r s  w i l l  be  p laced  on components t h a t  r e q u i r e  a h ighe r  

o I n s u l a t i o n  Packages f o r  Ind iv idua l  Components - The components t h a t  are 

provided wi th  h e a t e r s  w i l l  a l s o  be i n s u l a t e d  t o  minimize the  h e a t  l o s s  and con- 

s e r v e  h e a t e r  power. The proposed i n s u l a t i o n  is  a f i b e r g l a s s  type t h a t  can be  

e f f i c i e n t l y  f a b r i c a t e d  t o  f i t  t h e  i n d i v i d u a l  components. I n s u l a t i o n  of i nd i -  

v i d u a l  components i s  a l s o  necessary  t o  preclude excess ive  cooldown dur ing  

per iods  when power from t h e  o r b i t e r  is not  a v a i l a b l e  f o r  h e a t e r s  (e.g., dur ing  

t r a j e c t o r y  c o r r e c t i o n s )  

o Thermal Cur ta in  - The thermal c u r t a i n  i s  r equ i r ed  t o  p r o t e c t  components 

and s t r u c t u r e  wi th in  t h e  a e r o s h e l l  from aerodynamic hea t ing  during atmospheric 

en t ry .  It a l s o  prevents  damage t o  t h e  l ande r  thermal coa t ings  dur ing  d e o r b i t  

motor f i r i n g  and reduces h e a t  l o s s  from t h e  rear of t he  a e r o s h e l l  during 

o r b i t a l  descent .  

o Thermal Control  Coatings - Prepa ra t ion  of t he  s u r f a c e  of most a e r o s h e l l  

mounted equipment and s t r u c t u r e  i s  necessary t o  d i s t r i b u t e  t h e  i n t e r n a l  h e a t  

properly.  The most c i r t i c a l  su r f ace  i s  t h e  e x t e r i o r  of t he  a f t  po r t ion  of t h e  

s t e r i l i z a t i o n  c a n i s t e r .  The o p t i c a l  p r o p e r t i e s ,  s o l a r  absorptance and i n f r a r e d  

emit tance,  of t h i s  s u r f a c e  determine t h e  o v e r a l l  temperature l e v e l s  of  the  

capsule  and t h e i r  change as the  s o l a r  d i s t a n c e  inc reases  from Ear th  t o  Mars. 

Landed Equipment - The thermal c o n t r o l  equipment on t h e  l ande r  must be 

s u f f i c i e n t  t o  maintain equipment temperature  limits and a l s o  be compatible 

wi th  t h e  f l i g h t  phase environments. 

o I n s u l a t i o n  - Thermal i n s u l a t i o n  t h a t  completely surrounds t h e  l ande r  

i s  provided t o  p r o t e c t  equipment from t h e  low Martian n ight t ime temperatures.  

This i n s u l a t i o n  along wi th  i n t e r n a l  h e a t  genera t ion  provides  a temperature  

range of  0 t o  lOOOF f o r  l ande r  equipment. 

s u l a t e d  compartment is provided which maintains  the  b a t t e r y ,  t r a n s m i t t e r ,  and 

sequencer from 50" t o  125OF. This  arrangement results i n  less t o t a l  i n s u l a t i o n  

weight than would be r equ i r ed  i f  a l l  equipment w e r e  maintained between 50" and 

125 OF. 

Within t h i s  volume a smaller in -  
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o Electrical Heaters - Electr ical  h e a t e r s  wi th  thermosta t  c o n t r o l  are 

provided w i t h i n  t h e  b a t t e r y  compartment t o  supply energy as needed t o  maintain 

t h e  50°F minimum compartment temperature.  

o Thermal Control  Coatings - The e x t e r n a l  s u r f a c e s  o f  t h e  l a n d e r  are 

s u b j e c t  t o  t h e  combined s o l a r  h e a t i n g  and Martian s u r f a c e  environment. 

coa t ings  are requ i r ed  t h a t  have low s o l a r  absorptance and are sand and d u s t  

r e s i s t a n t ,  t o  avoid excess ive  thermal  performance degradat ion.  The thermal 

a n a l y s i s  w a s  performed assuming t h a t  the  coa t ings  were degraded t o  va lues  

experienced i n  McDonnell tests, i.e., w i t h  s o l a r  absorptance of 0.5 and 

emit tance of 0.9. 

Thermal 

4 . 2 . 2 . 6 . 3  Phys ica l  d e s c r i p t i o n  - The s e l e c t e d  thermal c o n t r o l  design is  

def ined  i n  terms of f l i g h t  phase and landed phase weights.  

weights  i s  the  t o t a l  thermal  c o n t r o l  weight a l l o c a t i o n  f o r  t h e  mission. These 

weights  were based on t h e  paramet r ic  s t u d i e s  descr ibed  i n  Sec t ion  3 . 2 . 6 .  

The sum of t h e s e  

'y 

F l i p h t  Phase Equipment - The s e l e c t e d  f l i g h t  phase conf igura t ion  r e s u l t s  

i n  use of t he  thermal  c o n t r o l  components descr ibed below: 
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F l i g h t  Phase Thermal Control  Components 

Weight ( l b )  Descr ip t ion  Component 

Canister-Mounted Equipment 

Aero s he 11-Mo un t e d E quip men t 

Thermal Cur ta in  

Lander-Mounted Equipment 

26.5 Mul t i layer  i n s u l a t i o n  b lanket  

(1/2 in .  t h i c k ) ,  thermal 

coa t ings  

4.2 Equipment i n s u l a t i o n ,  thermal 

coa t ings ,  h e a t e r s  

- S i l i c a  Cloth (See Sec t ion  4.2.2.9) 

25.9 Equipment and tankage in su la -  

t i o n ,  h e a t e r s  - 
T o t a l  56.6 l b  

Landed Equipment - The s e l e c t e d  Martian S o f t  Lander i s  shown schemat ica l ly  

i n  Figure 4.2.2.6-1. Included i n  t h i s  ske tch  are the  va r ious  thermal c o n t r o l  

devices  loca t ed  w i t h i n  the  two compartment l a n d e r  design. A weight breakdown 

f o r  t h e  thermal c o n t r o l  system is given below. 
rr 

Lander Thermal Control  Components 

Component Weight ( l b  ) Descr ip t ion  
3 Outer i n s u l a t i o n  23.4 3" t h i ck ,  4 l b / f t  

Bat te ry  compartment i n s u l a t i o n  1.4 0.4" th i ck ,  4 l b / f t  

Tot a1 24.8 l b  

3 
- 

(This does not  inc lude  44.1 lbs .  o f  b a t t e r i e s  requi red  t o  supply h e a t e r  power). 

4.2.2.6.4 Opera t iona l  Descr ip t ion :  The thermal c o n t r o l  system ope ra t e s  

throughout t he  mission t o  maintain equipment and s t r u c t u r a l  temperatures  us ing  

t h e r m s t a t i c a l l y  c o n t r o l l e d  e l e c t r i c a l  hea t e r s .  

reduced by use of thermal coa t ings  and i n s u l a t i o n .  

Heater power requirement is 

F l i g h t  Phase - I n  t h e  v i c i n i t y  of e a r t h ,  s o l a r  h e a t i n g  of the  capsule  is 

s u f f i c i e n t  t o  avoid use of hea t e r s .  However, as the  s o l a r  d i s t a n c e  gradual ly  

inc reases ,  t he  capsule  cools  u n t i l  temperatures reach t h e  thermosta t  con t ro l  

po in ts .  The rea f t e r ,  t h e  e lectr ical  h e a t e r s  maintain con t ro l l ed  temperatures.  
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THERMAL CONTROL SCHEMATIC - DUAL COMPARTMENT LANDER 

CONCEPT II 

0 EXTERNAL ENVIRONMENT - 
ONE COLD DAY (-190' CONTINUOUS) 
OR ONE CYCLIC DAY (-150 TO -t 120'F) 

BATTERY/TRANSMITTE R COMPARTMENT 
(TEMPERATURE LIMITS, 50 TO 125'F) 

0 BATTERIES 
0 TRANSMITTER 
0 SEQUENCER 
0 ELECTRIC HEATERS WITH SURFACE THERMAL /- COATING THERMOSTATS 

\ J 0 SOLAR ABSORPTANCE = .5 
0 EMITTANCE = .9 

LANDER INNER 
SURFACE AREA 
(16.6 FT2) 

OUTER COMPARTMENT 
INSULATION (3  IN.) 

BATTERY COMPARTMENT 
INSULATION (0.4 IN.) 

L EQUIPMENT COMPARTMENT 
(TEMPERATURE LIMITS, 0 TO 10O'F) 

0 SCIENCE 
0 ELECTRIC HEATERS WITH 

THERMOSTATS 

FIGURE 4.2.2.6-1 
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The s t e r i l i z a t i o n  c a n i s t e r  i s  r e t a i n e d  throughout the  Mars o r b i t  per iod  

t o  avoid excess ive  cool ing  of equipment and increased  h e a t e r  power. 

A f t e r  s epa ra t ion ,  and durng o r b i t a l  descent ,  t h e  thermal i n e r t i a  of  t he  

equipment, t h e  resistance t o  h e a t  l o s s  by t h e  i n s u l a t i o n ,  and t h e  supply of 

i n t e r n a l l y  generated h e a t  r e s u l t s  i n  t h e  avoidance of need f o r  h e a t e r  power. 

Landed Phase - The pos t  landing  thermal  c o n t r o l  system is  capable  of 

maintaining both l a n d e r  compartments above t h e i r  r e spec t ive  lower temperature 

limits f o r  one nominal c y c l i c  temperature o r  one continuous co ld  day. 

For cold day ope ra t ion  e l e c t r i c a l  hea t ing  i s  provided t o  both compartments, 

i n d i v i d u a l l y  c o n t r o l l e d  by thermosta t s  a t  t h e i r  respective minimum ope ra t ing  

temperature.  A s m a l l  amount of a d d i t i o n a l  h e a t i n g  i s  a l s o  suppl ied  by t h e  

lander  equipment power p r o f i l e .  Continuous h e a t e r  ope ra t ion  occurs  except  

during t h e  s h o r t  du ra t ion  t ransmiss ion  per iod.  

4 For c y c l i c  day ope ra t ion ,  some e l e c t r i c a l  h e a t i n g  is  provided t o  both 

compartments as c o n t r o l l e d  by t h e i r  r e spec t ive  thermostats .  During t h e  

daytime t h e  e l e c t r i c a l  h e a t i n g  requirement decreases  and u l t ima te ly  ceases ,  

as s u f f i c i e n t  h e a t i n g  is supp l i ed  by both the  e x t e r n a l  environment and t h e  

i n t e r n a l  power p r o f i l e  hea t ing .  Af t e r  sunse t  t h e  e x t e r n a l  h e a t i n g  ceases and 

t h e  compartment temperatures  decrease  t o  t h e i r ,  r e spec t ive ,  lower ope ra t ing  

temperature,  and c o n t r o l l e d  e lec t r ica l  hea t ing  i s  aga in  required.  

4.2.2.6.5 Performance C h a r a c t e r i s t i c s :  The l a n d e r  thermal performance 

is  cha rac t e r i zed  by the  d a i l y  temperature v a r i a t i o n s  wi th in  t h e  two compartments 

f o r  both the  c y c l i c  day and continuous cold.  During a continuous cold day 

h e a t e r  power i s  cont inuously requi red  f o r  both the  b a t t e r y  compartment and t h e  

equipment compartment maintaining these  a t  t h e  thermostat  c o n t r o l  temperatures 

of 50°F and OOF, r e spec t ive ly .  

m i t t e n t l y  r equ i r ed  (n ight t ime) .  

and a l a r g e r  temperature inc rease  of t he  equipment compartment, which is  more 

c l o s e l y  coupled t o  t h e  e x t e r n a l  environment temperature  v a r i a t i o n ,  r e s u l t s  

dur ing  t h e  daytime. Expected maximum d a i l y  temperatures  f o r  both compartments 

i s  approximately 60°F, whi le  the  expected minimum temperatures  are 50°F and 

O°F re spec t ive ly .  

For a c y c l i c  day, h e a t e r  power i s  only  i n t e r -  

A s l i g h t  warm-up of  t h e  b a t t e r y  compartment 
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4 .2 .2 .6 .6  Development S ta tus :  The major thermal c o n t r o l  development 

problem i s  t h e  l ande r  in su la t ion .  

environment a f t e r  exposure t o  the  mission environments of s t e r i l i z a t i o n ,  launch 

v i b r a t i o n ,  l o n g  term vacuum, e n t r y ,  and landing has  no t  heen evaluated.  Par- 

t i c u l a r l y  unce r t a in  i s  t h e  e f f e c t  of i n s u l a t i o n  i n s t a l l a t i o n  and attachment 

techniques on o v e r a l l  thermal performance. 

I ts  performance i n  t h e  Martian s u r f a c e  

Long term space exposure e f f e c t s  on t h e  a f t  c a n i s t e r  thermal coa t ing  are 

a p o t e n t i a l  problem. I f  t he  degrada t ion  cha rac t e r i zed  by increased  s o l a r  

absorptance i s  n e i t h e r  too r ap id  n o r  too l a r g e ,  t he  absorptance change is  

b e n e f i c i a l  t o  capsule  thermal c o n t r o l  s i n c e  temperatures  w i l l  not  decrease as 

much dur ing  t h e  f l i g h t  from Ear th  t o  Mars. 

A second thermal coa t ing  problem occurs  a f t e r  landing  when t h e  l a n d e r  

e x t e r i o r  coa t ings  are exposed t o  t h e  Martian sand d u s t  environment. Pre l iminary  

McDonnell tests have i n d i c a t e d  t h a t  s o l a r  absorptance can i n c r e a s e  by a f a c t o r  

of two o r  more af ter  exposure,  and t h a t  extended exposure can r e s u l t  i n  complete 

removal o f  t h e  coa t ing  material. Severa l  coa t ing  materials, s p e c i f i c a l l y  flame 

sprayed aluminum oxide ,  whi te  pigmented s i l i c o n e  e las tomer  and whi te  po rce l a in  

enamel have demonstrated r e s i s t a n c e  t o  t h e  environment wi th  r e spec t  t o  both 

r e t e n t i o n  of  o p t i c a l  p r o p e r t i e s  and e ros ion  r e s i s t ance .  

'J 
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4.2.2.7 Propuls ion.  - The propuls ion  func t ions  requi red  by the  Mars 

a s o l i d  p r o p e l l a n t  capsule  are accomplished wi th  t h r e e  separate systems: 

rocke t  motor f o r  d e o r b i t ,  a co ld  gas system f o r  a t t i t u d e  c o n t r o l  and a t h r o t t l e -  

ab le ,  monopropellant system f o r  terminal dece le ra t ion .  The desc r ip t ion ,  usage 

and development s t a t u s  of t h e s e  systems are d iscussed  i n  t h i s  s ec t ion .  

4.2.2.7.1 Deorbit  p ropuls ion  system: 

System Descr ip t ion  - The deorb i t  propuls ion system is  a s p h e r i c a l ,  s o l i d  

p r o p e l l a n t  rocke t  motor , conta in ing  provis ion  f o r  t h r u s t  t e rmina t ion  p r i o r  t o  

p rope l l an t  burnout.  The motor conf igura t ion  is  shown i n  Figure 4.2.2.7-1 and 

is  f u n c t i o n a l l y  descr ibed  i n  Figure 4.2.2.7-2. The motor c o n s i s t s  of a titamium 

case; an  igniter assembly ( c o n s i s t i n g  of an  i g n i t e r  and a safe-and-arm device) ;  

a p a r t i a l l y  submerged, h igh  expansion r a t i o  nozz le ;  and an in t e rna l -pe r fo ra t ed ,  

case bonded p r o p e l l a n t  g ra in .  The p r o p e l l a n t  is a s a t u r a t e d ,  hydroxy-terminated 

polybutadiene/aluminum/ammonium p e r c h l o r a t e  formulat ion provid ing  good thermal  

s t a b i l i t y  and adequate phys i ca l  p r o p e r t i e s  a t  t he  requi red  s t e r i l i z a t i o n  

temperature.  

-4 

A thrus t - te rmina t ion  mechanism holds  the  nozz le  t o  t h e  motorcase. The 

mechanism c o n s i s t s  of a s p l i t  clamp r i n g  and a pyro technica l ly-ac tua ted  re ten-  

t i o n  b o l t .  

The phys ica l  and performance c h a r a c t e r i s t i c s  of t h e  rocke t  motor are pre- 

sen ted  i n  Figure 4.2.2.7-3. 

Opera t iona l  Descr ip t ion  - Arming of the  d e o r b i t  i g n i t e r  i s  a f f e c t e d  by 

a signal from the  t i m e r  and sequencer 55 minutes before  capsule-orb i te r  separa-  

t ion .  Upon receipt of t h i s  s i g n a l ,  an electro-mechanical a c t u a t o r  on t h e  

i g n i t e r  safe-and-arm (S&A) phys ica l ly  aligns the  pyro technic  i n i t i a t o r s  w i t h  

t h e  igniter. A p o s i t i o n  t ransducer  on the  S&A v e r i f i e s  t h a t  the  i g n i t e r  i s  

armed. Approximately 5 seconds p r i o r  t o  d e o r b i t  r i c k e t  i g n i t i o n ,  the  i g n i t i o n  

system is  enabled by a command from t h e  capsule  t i m e r  and sequencer.  A t  t h e  

command t o  i g n i t e  t h e  deo rb i t  motor, the  pyro technic  i n i t i a t o r s  i g n i t e  t h e  

p e l l e t s  i n  t h e  i g n i t e r  which i n t u r n  ignite t h e  i g n i t e r  s u s t a i n e r  charge. The 

i g n i t e r  s u s t a i n e r  exhausts  i n t o  the  motor p r o p e l l a n t  c a v i t y ,  p rovid ing  s u f f i -  

c i e n t  h e a t  and p res su re  t o  i g n i t e  t he  main p rope l l en t  charge. 

4.2.2-67 



W 
Y, 
U 
V 

I- 

i 
I- 
Z 
U 
-I 
w 
a 
0 

FIGURE 4.2.2.7-1 



I 

1 

I 

I 

I I @@ 

FIGURE 4.2.2.7-2 
4.2.2-69 



CONCEPT II 

DEORBIT MOTOR C!-iARACTERISTICS 

(DEORBIT AV = 450 FT/SEC) 

MOTOR 
LENGTH (OVERALL)  19.2 IN. 
DIAMETER (SPHERICAL) 13.3 IN. 
WEJGHT 

INERT 11.8 L B  
LOADED 73.0 L B  

CASE 
MATER I A L 
WEIGHT 5.8 L B  

WEIGHT 2.4 LB 

TYPE AB L A T l  VE 
CONFIGURATION CONTOURED 
WEIGHT 2.8 LB 
EXPANSION RATIO 50 
THROAT DIAMETER 1.24 IN. 
EXIT  DIAMETER 8.80 IN. 

TYPE PYROGEN 
WEIGHT .8 LB 
NO. OF SQUIBS 2 

TYPE PB( 16"c At-69'; AP '  

6 AI-4V TITANIUM 

INSULATION 

- 
NOZZLE 

JGNl T ER 

PROPELLANT 

PREDICTED Isp AT 600 PSI (VACUUM) 
DENSITY 0.060 LBM/IN3 

288 SEC 

MOTOR PERFORMANCE 
AVERAGE ACCELERATION 
BURNING TIME 
AVERAGE THRdST 
AVERAGE CHAMBER PRESSURE 
VACUUM T O T A L  IMPULSE 
VOLUMETRIC LOADING 

< 1 G  
13.3 SEC 
1325 L B  
600 PSlA 
17 620 LB-SEC 
83% 
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Simultaneous t o  the  command t o  ignite the  motor, t h e  t i m e r  and sequencer  

arms t h e  pyro technic  r e t e n t i o n  b o l t  on t h e  t h r u s t  t e rmina t ion  mechanism. Thrust  

t e rmina t ion  o f  the  deo rb i t  motor i s  achieved by r e l e a s i n g  t h e  nozzle .  

v a t i n g  the  contained explos ive  b o l t ,  t he  t h r u s t  t e rmina t ion  r i n g  t h a t  a t t a c h e s  

the  nozz le  t o  the  motorcase i s  re leased .  

w i t h  r e l e a s i n g  t h e  nozz le  te rmina tes  p r o p e l l a n t  burning. 

be i n i t i a t e d  a t  any t i m e  a f t e r  i g n i t i o n .  A t h r u s t  s p i k e  w i l l  occur  a t  t h r u s t  

t e rmina t ion;  however, t h e  du ra t ion  of t he  s p i k e  i s  extremely s h o r t  (-20 m s ) .  

This technique of t h r u s t  t e rmina t ion  has  been used s u c c e s s f u l l y  i n  t h e  J u p i t e r  

and T i t a n  I1 v e r n i e r  rocke t  motor app l i ca t ions .  

By acti-  

The sudden p res su re  decrease a s s o c i a t e d  

Thrust  t e rmina t ion  can 

Development S t a t u s  - The d e o r b i t  motor as depic ted  i n  Figure 4.2.2.7-1 is  

a convent iona l  conf igu ra t ion ,  conta in ing  no design f e a t u r e s  which have no t  

been f l i g h t  proven i n  previous space app l i ca t ions .  

t o  t he  T i t an  I1 v e r n i e r ,  Gemini r e t r o  and Surveyor r e t r o  rocke ts .  Never the less ,  

a major development e f f o r t  i s  requi red  t o  meet the  s t e r i l i z a t i o n  requirements.  

S t e r i l i z a t i o n  f e a s i b i l i t y  has not  been adequately demonstrated on a s o l i d  pro- 

p e l l a n t  motor of app l i cab le  s i z e .  Current off-the-shelf  p r o p e l l a n t s ,  l i n e r s  

and i n s u l a t i o n s  have e x h i b i t e d  s e r i o u s  degradat ion when exposed t o  t h e  steri l-  

i z a t i o n  environment, New p r o p e l l a n t  systems conta in ing  s a t u r a t e d  b inders  and 

s t a b i l i z e d  ox id ize r  appear very promising based on tests of s m a l l  samples. 

However, t h e  only motor of s i g n i f i c a n t  s i z e  t o  be loaded w i t h  a s a t u r a t e d  pro- 

p e l l a n t  and sub jec t ed  t o  the  s t e r i l i z a t i o n  environment w a s  a 50 lbm Syncom 

motor, t e s t e d  by JPL. The motor surv ived  one h e a t  cyc le  without  n o t i c e a b l e  

adverse e f f e c t s  bu t  f a i l e d  i n  the  subsequent h e a t  cyc le  due t o  propel lan t -  

steel imcompatibi l i ty .  (The motorcase w a s  unl ined.)  Considering the  f a i l u r e  

mode, i t  is s i g n i f i c a n t  t h a t  the  motor surv ived  t h e  f i r s t  h e a t  c y c l e  i n  good 

condi t ion.  

The design is very s i m i l a r  

S t e r i l i z a b l e ,  h igh  performance motor designs are be l ieved  t o  be  achievable  

wi th  t h e s e  la tes t  p r o p e l l a n t  developments, but  more development work must be 

done, p a r t i c u l a r l y  on i n s u l a t i o n  materials e P l a s t i c i z e r s  and dehydrated f i l l e r s  

i n  t h e  i n s u l a t i o n  can degrade the  bond between t h e  p r o p e l l a n t  and i n s u l a t i o n .  

Many of t he  methods employed t o  enhance the  s t a b i l i t y  and phys ica l  p r o p e r t i e s  

of t he  p r o p e l l a n t  a t  h igh  temperature  are s u i t a b l e ,  as w e l l ,  f o r  i n s u l a t i o n  

materials. 

t h e  i n s u l a t i o n  p r o p e r t i e s .  

This must be accomplished, however, without  s e r i o u s  degrada t ion  t o  
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Other a v a i l a b l e  component materials such as O-rings, nozz les  and igniters 

appear t o  be adequate.  

4.2.2.7.2 A t t i t u d e  c o n t r o l  system: 

System Descr ip t ion  - A t t i t u d e  c o n t r o l  o f  t h e  capsule  i s  provided by a cold 

gas  propuls ion  system u t i l i z i n g  gaseous n i t rogen  as t h e  expe l l an t .  

performed by t h e  system are: 

The func t ions  

a) s e p a r a t i o n  of  t h e  capsule  from t h e  o r b i t e r ,  and 

b)  a t t i t u d e  c o n t r o l  and rate damping of t he  capsule  dur ing  d e o r b i t ,  

descent ,  and atmospheric en t ry .  

The a t t i t u d e  c o n t r o l  system i s  presented  schemat ica l ly  i n  Figure 4.2.2.7-4 

and is  f u n c t i o n a l l y  descr ibed  i n  Figure 4.2.2.7-5. 

a t  high p res su re  i n  a s p h e r i c a l  p r e s s u r a n t  tank. 

t h e  remainder of t h e  system by a pyrotechnic-operated valve.  

va t ion ,  t he  i s o l a t i o n  va lve  i s  ac tua ted  al lowing t h e  gas t o  flow from t h e  s t o r a g e  

tank t o  t h e  r egu la to r  where the  p re s su re  i s  reduced t o  design ope ra t ing  pressure .  

The gas emerging from the  r e g u l a t o r  i s  then  d i s t r u b u t e d  t o  t h e  e i g h t  t h r u s t  

chamber assemblies  i n s t a l l e d  about t he  per iphery  of  t h e  ae roshe l l .  

and t h r u s t  chamber assemblies  are p ro tec t ed  from contamination by in - l ine  

f i l t e r s .  T e s t  p o r t s  are provided t o  a l low f o r  p r e - f l i g h t  t e s t i n g  of t h e  system 

components, System condi t ion  p r i o r  t o  a c t i v a t i o n  and during ope ra t ion  is  mon- 

i t o r e d  by temperature and p res su re  ins t rumenta t ion .  The performance and phys ica l  

c h a r a c t e r i s t i c s  of t h e  a t t i t u d e  c o n t r o l  system are presented  i n  F igure  4.2.2.7-6. 

Gaseous n i t r o g e n  i s  s t o r e d  

The n i t r o g e n  i s  i s o l a t e d  from 

upon system acti- 

The r e g u l a t o r  

Opera t iona l  Descr ip t ion  - The a t t i t u d e  c o n t r o l  system i s  loaded wi th  

gaseous n i t r o g e n  and s e a l e d  before  terminal. s t e r i l i z a t i o n .  Approximately 5 

seconds p r i o r  t o  s e p a r a t i o n  of t h e  capsule  from t h e  o r i b t e r ,  t h e  a t t i t u d e  con- 

t r o l  system i s  a c t i v a t e d  by a c t u a t i n g  t h e  pyro technic  i s o l a t i o n  valve a t  t h e  

o u t l e t  of t h e  n i t r o g e n  s t o r a g e  tank. Electrical  signals t o  t h e  e i g h t  TCA 

so lenoid  valves permit n i t r o g e n  flow and t h r u s t .  

and yaw c o n t r o l  whi le  t h e  remaining four  provide r o l l  cont ro l .  

Four TCA's provide p i t c h  

The s e p a r a t i o n  of  t he  capsule  from t h e  s t e r i l i z a t i o n  canister is  performed 

by f i r i n g  t h e  fou r  p i t c h  and yaw TCA's  s imultaneously t o  provide a s e p a r a t i o n  

I 
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ATTITUDE CONTROL SYSTEM SCHEMATIC 

F ILL  VALVE 

TEST PORT 

STORAGE VALVE 
TANK 

THRUST CHAMBER ASSEMBLIES (8) 
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ATTITUDE CONTROL SYSTEM 
FUNCTIONAL BLOCK DIAGRAM 

CONCEPT I I  

PROVIDES TEMPERATURE DATA 
TO A I 0  iNTERPRETATlON OF 

PROPELLANT TANK 

PROPELLANT SYSTEM 
GAS SUPPLY CHARGED WITH I PRESSUREOAT; 1 PITROCEN TO moo PSIA I 

LEGEND --- INTERFACE 

OPERATlONdL 

OPERATION 

ISOLATION VALVE 
NORMALLY CLOSE0 PYRO 
TECHNIC ACTUATE0 VALVE 

STORAGE OF PROPELLANT 
PRIOR TO SYSTEM 
ACT I VATlON 

PROVIDES LEAK TIGHT ---------a 

I 
PRESSURE REGULATOR 
REDUCES SUPPLY 
PRESSURE TO 150 PSlA 

I 
I REGULATOR AN0 

PRESSURE TRANSOOCER 
PROVIDES PRESSURE 

>R OF REGULATOR MONITI 
OPERATION 

PROTECTS THRUST 

.--@ 

CHAMBERS AN0 VALVES 
FROM PARTICULATE 
CONTAMINATION 

I 
I 

I 1 
PROVIDES ON.OFF FLOW 
CONTROL 

I. I I 

PITCH THRUST CHAMBER 
THRUST L E V E L  I S  7 6 L B  

I 

SOLENOID VALVE SOLENOID VALVE SOLENOID VALVE 
PROVIDES ON-OFF FLOW PROVIDES ON-OFF FLOW PROVIDES ON-OFF FLOW 
CONTROL CONTROL CONTROL 
FOR THRUST CHAMBERS FOR THRUST CHAMBERS FOR THRUST CHAMBERS 

YAWTHRUSTCHAMBER PITCH THRUST CHAMBER 
THRUST LEVEL IS  7 6 L B  THRUST L E V E L  I S  7 6 L B  THRUST LEVEL I S  7 6 L B  

PROVIDES ON-OFF FLOW 
CONTROL 

ROLL THRUST CHAMBER ROLL THRUSTCHAMBER 
THRUST L E V E L  IS 0 5 L B  THRUST L E V E L  I S  0 5 L B  THRUST L E V E L  I S  0 5 L B  

FIGURE 4.2.2.7-5 
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CONCEPT II 
ATTITUDE CONTROL SYSTEM CHARACTERISTICS 

SY ST EM 
TYPE 
PROP E LLAN T 
PRESSURIZATION 
TOTAL IMPULSE, LB-SEC 

L WEIGHT, LOADED, LB  
TOTAL WEIGHT, DRY, L B  

THRUST CHAMBER ASSEMBLIES 
TOTALNUMBER 
TYPE 

COLD GAS 
N I TROGE N 
REGULATED 
3 20 
31.8 
27.4 

8 
FIXED THRUST, FIXED MOUNT 

NO. PER AXIS 
NO. PER CONTROL MANEUVER 
THRUST PER TCA, L B  
SPECIFIC IMPULSE, SEC 

RESPONSE, START, SIGNAL TO 90% 
MINIMUM IMPULSE PULSE, LB-SEC 

THRUST, SEC. 

THRUST, SEC 
, SHUTDOWN, SIGNAL TO 10% 

AREA RATIO, c 

R DIAMETER, IN. 
EXIT DIAMETER, IN. 

TANKAGE 

PR ESSUR E S 
STORAGE TANK, PSlA 

PITCH 
2 
1 
7.6 
72.5 
io666 

.O 15 MAX. 

.010 MAX. 

30 
.24 
1.73 

TITANIUM 
10.3 DIA 

YAW 
2 
1 
7.6 
92.5 
.0666 

.015 MAX. 

.010 MAX. 

30 
.24 
1.73 

ROLL 
4 
2 
0.5 
7 2.5 
,0045 

.015 MAX. 

.010 MAX. 

30 
.07 
.34 

CHARGE 1. STERILIZATION I OPERATION 
3000 1 4520 1 3000-300 

FIGURE 4.2.2.7-6 
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v e l o c i t y  increment of  1.5 f e e t  p e r  second. 

i s  a f f e c t e d  by u t i l i z i n g  reverse guidance l o g i c ,  wherein t h e  t h r u s t e r ( s )  pro- 

ducing a c o n t r o l  moment i n  t h e  d i r e c t i o n  of t h e  d is turbance  is momentarily 

shut-down. 

f i r i n g ,  descent  a t t i t u d e  c o n t r o l ,  and a t t i t u d e  rate damping du r ing  Mars atmos- 

phe r i c  e n t r y  i s  obtained by p u l s i n g  the  TCA's i n  response t o  guidance and c o n t r o l  

commands. Approximately 4 seconds a f t e r  f u l l  deployment of t h e  parachute ,  t he  

a e r o s h e l l ,  i nc lud ing  the  a t t i t u d e  c o n t r o l  system, i s  j e t t i s o n e d .  

A t t i t u d e  con t ro l  dur ing  t h i s  maneuver 

O r b i t e r  a t t i t u d e  c o n t r o l ,  a t t i t u d e  s t a b i l i z a t i o n  during d e o r b i t  motor 

- Development S t a t u s  - Extensive development of cold gas n i t r o g e n  

s i o n  systems has  been performed. The Ranger, Mariner,  Surveyor,  and Lunar 

Orb i t e r  v e h i c l e s  have used cold gas n i t rogen  systems. 

programs, hardware adaptab le  t o  Mars capsule  requirements are ava i l ab le .  

Addi t iona l  e f f o r t  w i l l  be  requi red  t o  m e e t  the  mission requirements and t o  

develop compa t ib i l i t y  with t h e  s t e r i l i z a t i o n  environment. S t e r i l i z a t i o n  of 

propul- 

From these  and o t h e r  

b a cold gas propuls ion  system w i l l  a f f e c t  t h e  design of  t he  s t o r a g e  tank ,  

r e g u l a t o r  and valves .  

4.2.2.7.3 Terminal propuls ion  system: 

System Descr ip t ion  - The t e rmina l  propuls ion  system i s  a gas-pressurized,  

monopropellant hydrazine system conta in ing  t h r e e  va r i ab le - th rus t  engines.  A 

schematic of the  system is shown i n  Figure 4.2.2.7-7 and i s  f u n c t i o n a l l y  

descr ibed  i n  Figure 4.2.2.7-8. 

System p r e s s u r i z a t i o n  is  accomplished wi th  high p res su re  helium gas which 

i s  s t o r e d  i n  a s p h e r i c a l  6A1-4V t i t an ium tank. The helium p res su ran t  is  i so -  

l a t e d  be fo re  use by a normally-closed pyro technic  va lve  i n s t a l l e d  i m e d i a t e l y  

downstream of  t h e  p re s su ran t  tank. A manual access va lve  provides  a means of 

p re s su ran t  s e r v i c i n g ,  a r e g u l a t o r  i s  provided t o  maintain cons tan t  p r o p e l l a n t  

feed pressure .  The r e g u l a t o r  is i s o l a t e d  from p rope l l an t  vaoprs dur ing  t h e  

long  Earth-Mars t r a n s i t  t i m e  by normally-closed pyrotechnic  valves .  Rel ie f  

va lves  are employed t o  provide system p r o t e c t i o n  i n  t h e  event  of an over- 

p re s su re  s i t u a t i o n .  Burst  diaphragms s e p a r a t e  t h e  r e l i e f  va lves  from the  

p re s su ran t  system t o  prevent  r e l i e f  va lve  leakage a t  normal ope ra t ing  pressure .  

4.2.2- 76 



SCHEMATIC DIAGRAM OF TERMINAL PROPULSION SYSTEM 

mT TEMPERATURE SENSOR 

PRESSURE v 
TRANSDUCER 

PYROTECHNIC 
VALVE 

ST E RI LlZAT I ON 

ELECT ROMECHAN I 
SE RVOACT UATOR 

FIGURE 4.2.2.7-7 
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The hydrazine p r o p e l l a n t  is s t o r e d  i n  two equa l  volume tanks.  These tanks 

are s p h e r i c a l  i n  shape and are f a b r i c a t e d  from 6A1-4V t i t an ium t o  minimize pro- 

p e l l a n t  decomposition. A l a r g e  diameter  t r a n s f e r  manifold between t h e  tanks  

ensures  equal  p r o p e l l a n t  u t i l i z a t i o n  during system opera t ion .  P rope l l an t  migra- 

t i o n  during t h e  zero-g c r u i s e  and o r b i t  po r t ions  of  t h e  mission i s  prevented by 

i n s t a l l a t i o n  of a normally-closed pyrotechnic  valve i n  the  p r o p e l l a n t  t r a n s f e r  

manifold. 

a means of p r o p e l l a n t  s e rv i c ing .  The p r o p e l l a n t  is i s o l a t e d  be fo re  use by nor- 

mally-closed pyro technic  valves .  

Manual access valves upstream and downstream of t h e  tanks  provide 

Cr i t ica l  components are p ro tec t ed  from contamination by i n - l i n e  f i l t e r s .  

T e s t  p o r t s  are i n s t a l l e d  throughout the system t o  f a c i l i t a t e  system checkout. 

Each of  t h e  t h r e e  engines  employs a c a v i t a t i n g  v e n t u r i  t h r o t t l e  va lve ,  

so lenoid  va lve ,  and t h r u s t  chamber assembly (TCA). The c a v i t a t i n g  v e n t u r i  

t h r o t t l e  va lve  se rves  two func t ions :  f i r s t ,  i t  c o n t r o l s  p rope l l an t  flow rate 

t o  the engine,  and second, i t  decouples t h e  feed  system from downstream 

p res su re  o s c i l l a t i o n s ,  thereby minimizing the  p o s s i b i l i t y  of o v e r a l l  system 

i n s t a b i l i t y .  The TCA employs a c a t a l y t i c  decomposition r eac t ion  chamber 

us ing  S h e l l  405 spontaneous c a t a l y s t .  A hinge-gimbal on one engine provides  

r o l l  c o n t r o l  

N 

The phys ica l  and performance c h a r a c t e r i s t i c s  of t h e  te rmina l  propuls ion  

system are presented  i n  Figure 4.2.2.7-9. 

Opera t iona l  Descr ip t ion  - Operation of t he  TPS i s  i n i t i a t e d  during t h e  

f i n a l  moments of aerodece lera t ion  (parachute  o r  A I D ) .  

P r o p e l l a n t  s e t t l i n g  r e s u l t s  from atmospheric drag-induced dece le ra t ion  of 

t h e  l ande r  p r i o r  t o  system arming (no supplementary p o s i t i v e  expuls ion  o r  pro- 

p e l l a n t  o r i e n t a t i o n  devices  are r equ i r ed ) ,  The p r e s s u r i z a t i o n  sequence i s  

i n i t i a t e d  when t h e  s i g n a l  i s  given f o r  deployment of t h e  parachute  o r  AID. A t  

t h i s  p o i n t  t he  i s o l a t i o n  valve pyrotechnic  c i r c u i t s  are armed. Following an 

approximate 12 second de lay ,  the  normally closed p r o p e l l a n t  tank i s o l a t i o n  

va lves  are f i r e d  pe rmi t t i ng  p r o p e l l a n t  t o  flow t o  t h e  engine so l eno id  valves 

under i t s  own vapor pressure .  

f i r e d  5 seconds later t o  p r e s s u r i z e  the p r o p e l l a n t  u l lage .  This  p r e s s u r i z a t i o n  

procedure prec ludes  l a r g e  hydrau l i c  surge p re s su res  and entrainment  of p re s su ran t  

bubbles i n  t h e  p r o p e l l a n t  feed  l i n e s .  

The p res su ran t  system i s o l a t i o n  valves are 
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CONCEPT II 

TERMINAL PROPULSION SYSTEM CHARACTERISTICS 

D ESlGN CONDITIONS 
ALTITUDE AT IGNITION, F T  
VELOCITY AT IGNITION, FT/SEC 
HORIZONTAL WIND VELOCITY, FT/SEC 

SYSTEM 
TYPE 

PROPEL LAN T 
I GN I T ION 

P R E SSU R I  ZATlON 
PRESSURANT 

TOTAL IMPULSE, LB-SEC 
TOTAL WEIGHT, LOADED, L B  

PROPELLANT WEIGHT, L B  
PRESSURANT WEIGHT, L B  

THRUST CHAMBER ASSEMBLIES 
TOTAL NUMBER 
TYPE 
THRUSTENGINE, L B  
SPECIFIC IMPULSE (STEADY STATE, MAXIMUM 

RESPONSE, MlLLlSEC 

B1 

THRUST) LBF-SEC/LBM 

0% TO 90% THRUST 
100% TO 10% THRUST 
10% TO 100% THRUST 

LIFE,  SEC 
AREA RATIO, c 

ENVELOPE, IN. 
LENGTH OVERALL (EXCLUDING VALVE)  
CHAMBER DIAMETER 
N O Z Z L E  EXIT DIAMETER 

TANKAGE 
PROP E L  LANT (NUMB E R) 

MATERIAL 
ENVELOPE, IN. 

PRESSURANT (NUMBER) 
MAT E R I A L  
ENVELOPE, IN. 

PRESSURE, PSlA 
PRESSURANT TANK 
REGULATOR INLET 
REGULATOR OUTLET 
PROPELLANTTANKS 
COMBUSTION CHAMBER 
BURST DISC RUPTURE PRESSURE 
RELIEF VALVE RELIEF  PRESSURE 

6500 
379 
220 

MONOPROPELLANT 
HYDRAZINE 
CATALYST, SHELL 405 
STORED COLD GAS, REGULATED 
HELIUM 
19 000 
2 14 
88 
1.41 

3 
THROTTLE AB LE, RAD l A T l  ON COOLED 
325 THROTTLEABLE, 325 TO 68 

233.5 

200 
150 
150 
100 
30 

15.26 
6.44 
6.5 

2 
TITANIUM (6 AI-4V) 
13.9 
1 
TITANIUM (6 AI-4V) 
13.8 

60 I 14.7 1 20.4 
695 

! 14.7 

3000-695 
48 5 
485 

269-55 

I I 695 I I 

FIGURE 4.2.2.7-9 
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A t  a p resc r ibed  range of 6500 f e e t ,  a signal from t h e  altimeter opens the  

engine so l eno id  valves, a l lowing p r o p e l l a n t  f low t o  t h e  TCS. 

decomposes upon con tac t  w i th  the  c a t a l y s t  t o  provide the requ i r ed  t h r u s t .  

Electromechanical  s e rvoac tua to r s ,  c o n t r o l l i n g  t h e  c a v i t a t i n g  v e n t u r i  t h r o t t l e  

va lves  and engine gimbal mechanism respond t o  signals from t h e  guidance 

e l e c t r o n i c s  t o  vary t h e  t h r u s t  and r o l l  c o n t r o l  moment f o r  descent  and a t t i t u d e  

con t ro  1. 

The p r o p e l l a n t  

Exhaust contamination and a l t e r a t i o n  of t h e  s u r f a c e  i s  minimized by 

s h u t t i n g  down t h e  engines  approximately 10 f e e t  above the  sur face .  A backup 

s i g n a l  i s  s e n t  s imultaneously t o  nromally open valves j u s t  upstream of t h e  

so lenoids  t o  i n s u r e  a g a i n s t  p r o p e l l a n t  leakage which would i n t e r f e r e  w i t h  post-  

lande d ope ra t  ions.  
* 

Development S t a t u s  - Except f o r  t he  engines ,  t he  te rmina l  propuls ion  

I system dep ic t ed  i n  Figure 4.2.2.7-7 is wi th in  s ta te -of - the-ar t  technology. 

Addi t iona l  development e f f o r t  is  requi red  t o  m e e t  s t e r i l i z a t i o n  requirements 

b u t  t he  f e a s i b i l i t y  of h e a t - s t e r i l i z i n g  l i q u i d  p r o p e l l a n t  systems has  been 

demonstrated a t  J P L  and Martin-Marietta. Many problems were encountered, 

i .e.,  s h i f t s  i n  regula ted  p res su re ,  d i e l e c t r i c  f a i l u r e  of so lenoid  va lves ,  

seal  leakage ,  desens i t i zed  pyro technics  and p r o p e l l a n t  decomposition. However, 

f a i l u r e  ana lyses ,  and i n  some cases retest, have shown t h a t  t h e s e  anomalies 

can be  circumvented by proper  material s e l e c t i o n  and c a r e f u l  c o n t r o l  of d e t a i l  

design and pro cess procedures.  

Adaptations of many e x i s t i n g  component designs a l s o  appear f e a s i b l e .  

For t h e  system descr ibed  h e r e i n ,  a Menasco tank (PN 8125-0-501), w i t h  modifi- 

c a t i o n  o f  o u t l e t  tube s t u b  and increased  w a l l  t h i ckness  i s  s u i t a b l e  f o r  
3 p re s su ran t  s t o r a g e ,  This tank has  a minimum volume of 1275 i n  . 

Pressu ran t  flow requirements can be m e t  wi th  an e x i s t i n g  r e g u l a t o r ;  

F a i r c h i l d  Hiller Stratos-Western,  PN 385000. The r e g u l a t o r  is a series- 

redundant u n i t  weighing 3,5 l b s  and i s  employed i n  the  Apollo Lunar Module 

a scen t  s t age .  Its r a t e d  f low rate is approximately 145 SCFM, helium. S e a l  

modi f ica t ions  would be r equ i r ed  t o  comply wi th  s t e r i l i z a t i o n  requirements;  t he  

o u t l e t  p re s su re  r a t i n g  would be  inc reased  from 181 p s i  t o  485 p s i .  
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No g r a v i t y  f eed  p r o p e l l a n t  tanks of t he  requi red  p res su re  and volume 

p r e s e n t l y  e x i s t .  A new p r o p e l l a n t  tank development i s  t h e r e f o r e  required.  

The tnak w i l l  be  cons t ruc t ed  o f  6A1-4V titamium t o  minimize p r o p e l l a n t  

decomposition. 

compa t ib i l i t y  tests a t  McDonnell i n d i c a t e  t h a t  a 3% u l l a g e  volume a t  275'F 

i s  s u f f i c i e n t  f o r  in-tank s t e r i l i z a t i o n .  

Decomposition rates measured during propel lan t -mater ia l  

The t h r o t t l e a b l e ,  monopropellant hydrazine engine poses t h e  g r e a t e s t  

r i s k  t o  system development. The major cause of problems i s  t h e  f a c t  t h a t  t h e  

most s u i t a b l e  c a t a l y s t  found t o  d a t e  (She l l  405) possesses  very  weak s t r u c t u r a l  

p r o p e r t i e s ,  due t o  the  n e c e s s i t y  of  providing h igh  po ros i ty  f o r  good performance. 

The c a t a l y s t  p a r t i c l e s  are s u b j e c t  t o  breakup dur ing  engine f i r i n g ,  causing an 

a t t endan t  l o s s  i n  c a t a l y s t  material and rough engine opera t ion .  

can occur  through a number of  mechanisms inc luding:  d i f f e r e n t i a l  thermal 

expansion between the  c a t a l y s t  and engine w a l l ,  v i b r a t i o n ,  poor  assembly pro- 

cedures ,  and excess ive  i n j e c t i o n  ve loc i ty .  

This damage 

Maintaining i n j e c t o r  and c a t a l y s t  bed p res su r  drops wi th in  acceptab le  

design l i m i t s  over  t h e  f u l l  t h r o t t l e  range w i l l  be  a major development r i s k .  

Control  of t hese  parameters  i s  be l i eved  t o  be less c r i t i c a l  wi th  an i n j e c t o r  

which provides  c a t a l y s t  bed pene t r a t ion .  

Walter Kidde Inc.  270 l b f  hydrazine engine. 

elements extended i n t o  t h e  c a t a l y s t  bed and p r o p e l l a n t  is  d i s t r i b u t e d  through 

r a d i a l  ho le s  i n  each element. 

i f i c a t i o n  t e s t i n g  f o r  a c l a s s i f i e d  program i n  November 1968. 

development s t a t u s ,  t he  Kidde engine w a s  s e l e c t e d  f o r  t h i s  design. The 

This  technique i s  employed on t h e  

I n  t h i s  design,  i n j e c t o r  tube 

The engine i s  scheduled t o  complete qual- 

Due t o  i t s  

requi red  maximum t h r u s t  level  is acheived by appropr i a t e  adjustment of pro- 

p e l l a n t  feed p res su re .  

4.2.2-82 



4.2.2.8 A u x i l i a r y  aerodynamic d e c e l e r a t o r  system. - The 23.3 l b  deceler-  

a t o r  system c o n s i s t s  of t h e  fo l lowing  major elements: 

o Parachute  

o R i s e r  Assembly 

o Reefing Line C u t t e r s  

o Deployment Bag 

o Catapul t  Assembly 

The r e l a t i o n s h i p  of t h e  system components is  shown i n  F igure  4.2.2.8-1 and a 

f u n c t i o n a l  block diagram i s  shown i n  F igure  4.2.2.8-2. 

Parachute  - Candidate parachute  types are t h e  r i n g s a i l ,  c ros s  and disk- 

For a r i n g s a i l  type ,  t h e  nominal parachute  diameter ,  Do,  is gap-band. 

31.7 f e e t .  

Prel iminary a n a l y s i s  i n d i c a t e s  t h a t  no r e e f i n g  w i l l  be  requi red .  However, 

u n t i l  f u r t h e r  a n a l y s i s  confirms t h i s ,  p rov i s ions  w i l l  b e  made f o r  t h e  i n s t a l -  

l a t i o n  of a r e e f i n g  l i n e  and r e e f i n g  l i n e  c u t t e r s .  

The canopy material w i l l  be of t h e  330 Nylon o r  Dacron type. 
1.t 

Riser Assembly - The riser assembly a t t a c h e s  t h e  parachute  t o  t h e  capsule .  

It i s  connected t o  t h e  canopy a t  t h e  four  suspension l i n e  connector l i n k s  and 

t o  t h e  capsule  a t  t h e  fou r  s t r u c t u r a l  a t t a c h  p o i n t s .  The riser is cons t ruc ted  

from low e longat ion  Dacron webbing. 

Reefinp Line Cu t t e r s  - I f  r e e f i n g  i s  necessary  t o  reduce opening shock 

loads  on t h e  canopy, r e e f i n g  l i n e  c u t t e r s  wi th  a p resc r ibed  t i m e  de lay  w i l l  be 

used t o  sever t h e  parachute  r e e f i n g  l i n e .  The c u t t e r s  are i n s t a l l e d  i n  

pockets sewn t o  t h e  canopy s k i r t .  

t h e  f i r i n g  p i n  t o  i n i t i a t e  t h e  py ro techn ica l ly  ac tua t ed  c u t t e r s .  

r e e f i n g  c u t t e r  which is  shown i n  F igure  4.2.2.8-3 has  an aluminum t u b u l a r  

body conta in ing  a spring-loaded f i r i n g  p i n ,  a t i m e  de lay  c a r t r i d g e ,  and a 

c u t t e r  blade.  A h o l e  i s  provided n e a r  one end of t h e  c u t t e r  body t o  i n s e r t  

t h e  r e e f i n g  l i n e .  

Line s t r e t c h  a t  parachute  deployment p u l l s  

A t y p i c a l  

Parachute  Deployment Bag - The parachute  canopy, suspension l i n e s ,  and a 

p o r t i o n  of t h e  riser assembly are stowed i n  t h e  parachute  deployment bag 



AERODYNAMIC DECELERATOR SYSTEM 

DESCRIPTION 

@ PARACHUTE 

@ REEFING LINE CUTTER 

@ CATAPULT ASSEMBLY 

FIGURE 4.2.2.8-1 
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REEFING LINE CUTTER 

SPLIT 

1 TEFLON SLEEVE 

h 

SAFETY PIN/ 
(REMOVE ON INSTALLATION) 

FIRING PIN 1 

lALL 

FIGURE 4.2.2.8-3 
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wi th in  t h e  c a t a p u l t  c a n i s t e r .  

F igure  4.2.2.8-4. 

The important f e a t u r e s  of t h e  bag are shown i n  

The deployment bag is cons t ruc ted  of c l o t h  w i t h  reinforcement  webbings. 

To i n s u r e  an  o r d e r l y  and c o n t r o l l e d  deployment, t h e  parachute  and riser 

assemblies  are stowed i n  t h e  deployment bag i n  t h e  fol lowing manner. 

of t h e  parachute  canopy is t i e d  wi th  a break  cord t o  t h e  top  i n n e r  end of t h e  

deployment bag. The canopy is fo lded  and stowed i n  an  accord ian  f a sh ion  wi th  

each fo lded  l a y e r  be ing  t i e d  t o  r e s t r a i n i n g  t a b s  on t h e  i n t e r i o r  of t h e  bag. 

Four l a r g e  canopy c l o s u r e  f l a p s  are sewn t o  t h e  i n n e r  w a l l  of t h e  bag and are 

folded down on t h e  canopy. These f l a p s  r e s t r a i n  t h e  parachute  canopy by 

means of  a lock  t a b ,  through which t h e  suspension l i n e  bundle is  passed t o  

form a loop lock  f o r  t h e s e  f l a p s .  This method of s t o r a g e  prevents  t h e  canopy 

The apex 

1 from being dumped p r i o r  t o  t h e  complete deployment of t h e  suspension l i n e s .  

The remainder of t h e  suspension l i n e s  are bundled and folded i n  a series of 

loops which are stowed i n  a series of suspension l i n e  stowage loops sewed t o  

t h e  suspension l i n e  stowage f l a p s  wi th in  t h e  bag. The las t  s e c t i o n  of t h e  

riser assembly i s  placed over t h e  upper suspension l i n e  stowage f l a p  and t h e  

bag c l o s u r e  f l a p s  are sewn c losed  through t h e  riser wi th  break cord. The bag 

has  a main riser stowage channel wi th  two f l a p s  which enc lose  and p r o t e c t  t h e  

riser from f r i c t i o n  burns whi le  t h e  bag i s  leaving  t h e  c a t a p u l t  compartment. 

4 

Catapul t  Assembly - The c a t a p u l t  assembly is  u t i l i z e d  t o  stow t h e  

parachute  assembly and t o  provide t h e  e x i t  v e l o c i t y  requi red  t o  proper ly  

deploy t h e  parachute .  The parachute  deployment bag and t h e  upper s e c t i o n  of 

t h e  r i s e n  assembly is  stowed w i t h i n  t h e  c a t a p u l t  compartment and cons t ra ined  

by t h e  c a t a p u l t  cover.  The cover i s  made of aluminum a l l o y  and covered wi th  

i n s u l a t i o n  t o  p r o t e c t  t h e  parachute  from hea t ing  during descent  from o r b i t .  

The cover is r e t a i n e d  by screws loca ted  i n  open-ended s l o t s .  When t h e  

c a t a p u l t  f i r e s ,  t h e  p re s su re  of t h e  parachute  bag a g a i n s t  t h e  cover causes  i t  

t o  " o i l  can" o f f  t h e  r e t a i n i n g  screws, thus  f r e e i n g  t h e  parachute  t o  deploy 

( see  F igure  4.2.2.8-5) a 

Nominal Performance - For t h e  design concept,  t h e  primary a e r o s h e l l  and 

d e c e l e r a t o r  parameters are def ined  i n  Table 4.2.2.8-1. The deployment and 

s e p a r a t i o n  c h a r a c t e r i s t i c s  are a l s o  def ined  i n  t h e  t a b l e  €or  a nominal 
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PARACHUTEDEPLOYMENTBAG 

MAIN RISER 
STOWAGE CHANNEL 

MAIN RISER 
PROTECTIVE FLAPS 

TOP 
A - EXTERIOR VIEW 

CLOSURE FLAPS 

SUSPENSION LINE 
STOWAGE LOOPS 

SUSPENSION LINE 
STOWAGE FLAPS 

RESTRAINING FLAP 

CANOPY STOWAGE 
COMPARTMENT CANOPY RE ST RA IN1 NG 

FLAPS (4 EACH) 

B - INTERIOR CUT-AWAY 

FIGURE 4.2.2.8-4 
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CATAPULT ASSEMBLY 

PARACHUTE PAN > PARACHUTE PAN 

CATAPULT PISTON 

FIGURE 4.2.2.8-5 
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VALUE 

.254 SLUG SIFT^ 
10.87 F T  
92.5 FT2 
8.09 SLUGS 

31.7 FT  
790 F T 2  
26.9 SLUGS 

.os80 SLUG SIFT^ 

1.04 
5.33 LB/FT2 
3040 LB 
1.22 SEC 
.75 
3.1 LB/FT2 
.80 

.0487 SLUGS/FT2 

5042 FT 

.io85 SLUGS/FT~ 

34.7 F T / S E C ~  

.a.a- 



t r a j e c t o r y .  

slow e n t r y  cond i t ion  of t h e  e n t r y  co r r ido r .  

parachute  i s  i n i t i a t e d  by r ada r  altimeter s i g n a l  a t  23 000 f e e t .  

a f t e r  f u l l  i n f l a t i o n ,  t h e  a e r o s h e l l  i s  r e l eased  and allowed t o  f a l l  away from 

t h e  lander .  The te rmina l  descent  engines are i g n i t e d  on t h e  b a s i s  of a 

s i g n a l  from t h e  r ada r  altimeter a t  6500 f e e t ;  immediately a f t e r  i g n i t i o n ,  

t h e  parachute  is re leased .  

The parachute  des ign  w a s  based on Mach 2 deployment f o r  t h e  s t e e p ,  

Deployment of t h e  modified r i n g s a i l  

Four seconds 

S i g n i f i c a n t  Requirements and Development S t a t u s  - Severa l  i n t e r r e l a t e d  

us ing  a deployable  aero- t r a d e  s t u d i e s  have i d e n t i f i e d  t h e  advantages of 

dynamic d e c e l e r a t o r  t o  i n c r e a s e  t h e  p r o b a b i l i t y  of  mission success .  
NASA Plane ta ry  Entry Parachute  Program (PEPP) has demonstrated t h e  ope ra t iona l  

f e a s i b i l i t y  of l a r g e  parachutes  up t o  approximately Mach 2. 

The 

The c a t a p u l t  design i l l u s t r a t e d  i n  F igure  4.2.2.8-6 has  been developed 

and f u l l y  q u a l i f i e d  by McDonnell Douglas f o r  t h e  F-111 Pod Parachute  E jec t ion  
L System. This c a t a p u l t  design is  capable of e j e c t i n g  weights  of 120 pounds 

a t  v e l o c i t i e s  of 35 f t / s e c  t o  55 f t / s e c .  The design inc ludes  a c rushable  

honeycomb f e a t u r e  f o r  p r e c i s e  c o n t r o l  of chamber p re s su re  which r e s u l t s  i n  

uniform a c c e l e r a t i o n  and v e l o c i t y  con t ro l .  

honeycomb i n s e r t ,  w a s  q u a l i f i e d  t o  e j e c t  120 pounds a t  a v e l o c i t y  of 100 f t / s e c .  

4 similar system, without  t h e  

I n v e s t i g a t i o n s  conducted on t h e  a b i l i t y  of 330 Nylon parachute  material 

t o  wi ths tand  t h e  s t e r i l i z a t i o n  cyc le  have ind ica t ed  t h a t  no s i g n i f i c a n t  

degradat ion i n  material p r o p e r t i e s  r e s u l t  from exposure t o  s t e r i l i z a t i o n  

temperature (135OC) f o r  per iods  of t i m e  up t o  200 hours.  It i s  be l ieved  a t  

t h i s  t i m e  t h a t  330 Nylon can be considered as a worthwhile candida te  material. 
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4.2.2.9 Aeroshel l .  - The a e r o s h e l l ,  composed of s t r u c t u r e  and h e a t  

s h i e l d ,  p rovide  t h e  v e l o c i t y  r educ t ion  and thermal  p r o t e c t i o n  t o  t h e  remainder 

of the capsule  dur ing  b a l l i s t i c  e n t r y  i n t o  t h e  Mart ian atmosphere. 

a e r o s h e l l  con f igu ra t ion ,  shown i n  F igure  4.2.2.9-1, c o n s i s t s  of a 10.90 f t  

base  diameter ,  60 degree ha l f -angle  sphere-cone s t r u c t u r a l  s h e l l  w i th  a s p h e r i c a l  

nose r ad ius  of 2.73 f t .  The h e a t  s h i e l d  on t h e  c o n i c a l  s e c t i o n  is a n  a b l a t i v e  

type  foamed re in fo rced  methyl phenyl s i l i c o n e ,  which is hard  bonded t o  t h e  

s t r u c t u r e .  A non-ablat ive material is  used f o r  h e a t  s h i e l d i n g  t h e  s p h e r i c a l  

nose assembly. An instrument  head i s  loca ted  a t  t h e  apex of  t he  nose s e c t i o n .  

A thermal  c u r t a i n  i s  a t t ached  t o  the  a e r o s h e l l  base  area t o  provide thermal 

p r o t e c t i o n  t o  t h e  capsule .  

The 

4.2.2.9.1 S t r u c t u r e :  The con ica l  s t r u c t u r e  c o n s i s t s  of  a t i t an ium s ing le -  

faced,  l o n g i t u d i n a l l y  corrugated s h e l l  w i t h  c losed  t r i a n g u l a r  aluminum r i n g s .  

A f i b e r g l a s s  sandwich s t r u c t u r e ,  used f o r  t h e  nose s e c t i o n ,  i s  a t t ached  t o  t h e  

con ica l  s h e l l  a t  t h e  cone-sphere tangency r i n g  by a r a d i a l  b o l t  p a t t e r n  as 

shown i n  F igure  4.2.2.9-2. The t o t a l  s t r u c t u r a l  weight is 91.2 lb .  

The con ica l  p c r t i o n  c o n s i s t s  of a forward and a f t  s e c t i o n ,  mechanically 

j o i n t e d  a t  t h e  payload r i n g .  

t i t an ium 6AL-4V smooth o u t e r  s k i n ,  s t i t c h  welded t o  a 0.008 inch  l o n g i t u d i n a l l y  

corrugated inne r  sk in .  Four i n t e r n a l  r i n g s ,  inc luding  t h e  payload r i n g ,  are 

Each s e c t i o n  is composed of an 0.008 inch  

mechanical ly  jo ined  t o  t h e  i n s i d e  of t h e  cor ruga ted  inr.er sk in .  The r i n g s  are 

aluminum t r i a n g u l a r  torque boxes, composed of t h r e e  caps and two beaded webs, 

wi th  t h e  s h e l l  providing t h e  t h i r d  web. 

This conf igu ra t ion  is designed wi thout  t h e  need f o r  a hoop load  pa th  i n  

t h e  sk in .  

d i s t r i b u t e  loads  normal t o  t h e  s h e l l  s u r f a c e  i n t o  t h e  t r i a n g u l a r  r ings .  The 

t r i a n g u l a r  r i n g s  provide s t a b i l i t y  f o r  co l l aps ing  p res su re  and r e d i s t r i b u t e  

t h e  lateral loads  from unsymmetrical p re s su re  i n t o  t h e  o v e r a l l  s h e l l .  

Each cor ruga t ion  func t ions  as an i n d i v i d u a l  l o n g i t u d i n a l  beam t o  

The s t r u c t u r a l  nose assembly, shown i n  F igu re  4.2.2.9-2, is  a r e in fo rced  

p l a s t i c  sandwich c o n s i s t i n g  of h e a t  r e s i s t a n t  phenol ic  (HRP) honeycomb co re  

and phenol ic  f i b e r g l a s s  f a c e  s h e e t s .  It is  assembled wi th  a modified epoxy 

f i l m  adhes ive  (HT-435). The sandwich s t r u c t u r e  has a core  which is  0.26 inch  

t h i c k  and f a c e  s h e e t s  t h a t  are each 0.020 inch  th i ck .  It i s  designed t o  be  
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l a i d  up, cured,  and bonded d i r e c t l y  t o  t h e  i n s i d e  s u r f a c e  of t h e  p r e f a b r i c a t e d  

h e a t  s h i e l d ,  i n  one assembly opera t ion .  S t rength  and s t i f f n e s s  is  provided a t  

t h e  nose cap/conica l  s h e l l  j o i n t  by a channel s e c t i o n  r i n g  a t t ached  t o  a beaded 

c i r c u l a r  d i s c  wi th  r a d i a l  s t i f f e n i n g  angles .  

F i t t i n g s  and b racke t s  a t  t h e  a f t  r i n g  provide  suppor t  f o r  t h e  e i g h t  re- 

a c t i o n  c o n t r o l  je ts  and a t r u s s  a t t ached  t o  t h e  cone-sphere tangency r i n g  

provides  r e a c t i o n  c n n t r o l  system equipment support .  

An RF t r anspa ren t  window, approximately 2 by 7 inches ,  i s  provided i n  t h e  

con ica l  s t r u c t u r e  f o r  tle r a d a r  altimeter. 

The l ande r  is  mounted t o  t h e  a e r o s h e l l  by e i g h t  aluminum bipod t r u s s e s  

loca t ed  c i r c u m f e r e n t i a l l y  a t  equal  spaces  a long t h e  payload r i n g ,  as shown i n  

e Figure  4.2.2.9-1. Four bipods are a t t ached  t o  t h e  l ande r  by explos ive  b o l t s  

ci with  t h e  l ande r  through preloaded socke t s  and t ake  only compression and s h e a r  

and t ake  t ens ion ,  compression, and shear  loads .  The o t h e r  f o u r  bipods m a t e  

loads.  

clear of t he  l ande r  when l a n d e r / a e r o s h e l l  release occurs .  

S ix teen  t o r s i o n  s p r i n g s  n e a r  t h e  payload r i n g  p i v o t  a l l  e i g h t  bipods 
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4.2.2.9.2 H e a t  s h i e l d  descrp t ion :  The h e a t  p r o t e c t i o n  system w i l l  p r o t e c t  

t h e  a e r o s h e l l  s t r u c t u r e ,  l ande r ,  and capsule  equipment dur ing  atmospheric de- 

c e l e r a t i o n  and e n t r y  i n t o  the  Martian atmosphere. 

are : 

The major system components 

a) The s p h e r i c a l  nose cap i s  covered wi th  hardened compacted f i b e r s  

(HCF) of a l u m i n o s i l i c a t e  (dens i ty  = 20 t o  25 l b / f t  ). This  material 

i s  non-ablat ive and w i l l  n o t  contaminate the  e n t r y  sc i ence  p o r t s  

l oca t ed  i n  a bery l l ium p lug  a t  the  c e n t e r  of t h e  nose cap sur face .  

3 

b)  The conica l  a e r o s h e l l  s u r f a c e  is  covered w i t h  a low dens i ty  foamed 

s i l i c o n e  a b l a t o r ,  MDC S-20T (dens i ty  = 18 t o  20 l b / f t 3 ) .  

c )  The HCF and S-20T are a t tached  t o  the  a e r o s h e l l  s t r u c t u r e  wi th  HT-424 

high temperature  adhesive using techniques s imilar  t o  those  developed 

f o r  t he  Gemini h e a t  s h i e l d s .  

d )  The a f t  regions of  the  a e r o s h e l l  and l a n d e r  are p ro tec t ed  wi th  a 

thermal c u r t a i n  made wi th  s i l i c a  c lo th .  

Design Requirements and Cons t r a in t s  - The h e a t  s h i e l d  and c u r t a i n ,  a f t e r  

being sub jec t ed  t o  sterilization/decontamination, ground handl ing,  sh ipping ,  

a scen t ,  t r a j e c t o r y  adjustment ,  deo rb i t  loads ,  and long-term low temperature 

and vacuum exposure,  w i l l  provide h e a t  p r o t e c t i o n  f o r  Mars en t ry .  

o Non-Ablative Nose Cap - The des ign  th ickness  o f  the nose cap l i m i t s  t h e  

The maximum backface temperature  acceptab le  f o r  

Thus, the  nose cap provides  

backface temperature t o  640'F. 

s t r u c t u r a l  design and bond compat ib i l i ty  i s  735'F. 

a thermal design margin o f  95'F. 

duc ts ,  dur ing  e n t r y  hea t ing ,  t h a t  w i l l  compromise the  mass spectrometer  d a t a  

on atmospheric samples. 

The nose cap must n o t  e m i t  any gaseous pro- 

o Abla t ive  Heat P ro tec t ion  - The h e a t  s h i e l d  th ickness  f o r  a b l a t i v e  hea t  

p r o t e c t i o n  has been s i z e d  t o  be compatible with the  a e r o s h e l l s t r u c t u r e  temp- 

e r a t u r e  l i m i t s .  The design h e a t  s h i e l d  th ickness  l i m i t s  t he  backface tempera- 

t u r e  t o  640'F. 

bond compa t ib i l i t y  i s  800'F, t hus  al lowing a thermal design margin of 160'F. 

The maximum bakcface temperature f o r  s t r u c t u r a l  design and 

o Thermal Cur ta in  - The thermal  c u r t a i n  w i l l  enc lose  t h e  base  of t h e  

capsule  t o  p r o t e c t  t h e  s u r f a c e  l a n d e r  a e r o s h e l l  s t r u c t u r e  and equipment from 
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wake h e a t i n g  dur ing  e n t r y ,  and h e a t i n g  dur ing  re t ro- rocket  f i r i n g .  

he lp  t o  minimize h e a t  l o s s  dur ing  o r b i t a l  descent.  

short- term (3  minute) ,  h igh  temperature  c a p a b i l i t y  t o  1500"F, and be designed 

so  t h a t  it w i l l  n o t  i n t e r f e r e  wi th  sepa ra t ion  of t h e  l ande r  p r o t i o n  of t h e  

It w i l l  

The c u r t a i n  must have 

capsule.  

DesiRn Entry Condit ions f o r  1973 F l i g h t  - The e n t r y  cond i t ions  are 

shown i n  Tab13 4-1. 

0" and 30" t o  avoid contamination of e n t r y  science measurements. 

Angle of  a t t a c h  below 800 000 f e e t  i s  r e s t r i c t e d  between 

Phys ica l  C h a r a c t e r i s t i c s  - The hea t  s h i e l d  c o n s i s t s  o f  t h e  non-ablative 

nose cap and the  a b l a t i v e  h e a t  p r o t e c t i o n  material. 

weight i s  82.8 l b .  The thermal  c u r t a i n  weighs 13.4 l b .  

The h e a t  s h i e l d  t o t a l  

o Non Abla t ive  Nose Cap - The nose cap i s  a s p h e r i c a l  segment wi th  a 
e. 

r ad ius  o f  2.725 f e e t  (32.7 inches)  and a chord diameter of 2.725 f e e t  (32.7 

c inches) .  The non-ablat ive material is  a hardened compact f i b e r  composite con- 

s i s t i n g  of a l u m i n o s i l i c a t e  f i b e r s  w i th  a c o l l o d i a l  s i l i c a  b inder  t h a t  is  

bonded t o  t h e  s t r u c t u r e  w i t h  HT-424 adhesive. 

u se  of a h e a t  s ink  on the  nominal s t agna t ion  poin t .  

inch  diameter  d i s c  machined from beryl l ium. 

An instrument  h e a t  imposes t h e  

The h e a t  s i n k  i s  a 9-1/2 

o Abla t ive  Heat P ro tec t ion  - The a b l a t i v e  hea t  p r o t e c t i o n  material on the  

con ica l  s u r f a c e  i s  t h e  McDonnell S-20T low dens i ty  s i l i c o n e  a b l a t o r  foamed i n t o  

prebonded f i b e r g l a s s  honeycomb t h a t  i s  bonded t o  s t r u c t u r e  wi th  HT 424 adhesive.  

o Thermal Cur ta in  - The thermal  cu r t a in  w i l l  be  s i l i c a  c l o t h  wi th  a b l ack  

coa t ing  on bo th  su r faces .  

Opera t iona l  Descr ip t ion  - The h e a t  s h i e l d  and thermal c u r t a i n  are pass ive  

devices ,  and as such, t he  Opera t iona l  Descr ip t ion  w i l l  be  l i m i t e d  t o  a r e l a t i o n  

of func t ion  t o  mission sequence. 

Following s e p a r a t i o n  of  t he  e n t r y  po r t ion  of t h e  F l i g h t  Spacecraf t  and t h e  

d e o r b i t  impulse, t he  h e a t  s h i e l d  func t ions  as an aerodynamic d e c e l e r a t o r  and 

t o  provide thermal p r o t e c t i o n  from the  r e s u l t i n g  n e t  h e a t  pulse .  

c u r t a i n  p r o t e c t s  the capsule  from base  hea t ing  dur ing  d e o r b i t  motor f i r i n g  

The thermal 

and wake h e a t i n g  dur ing  en t ry .  
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The a e r o s h e l l ,  i nc lud ing  t h e  hea t  s h i e l d ,  i s  j e t t i s o n e d  a f t e r  parachute  

deployment, whi le  a p a r t  o f  t h e  thermal c u r t a i n  remains ove r  t he  lander .  

The thermal  c u r t a i n  i s  s t r i p p e d  away from the  l a n d e r  a long wi th  t h e  para- 

chute  as t h e  l ande r  cont inues descent.  

Performance Obiec t ives  - The hea t  s h i e l d  w i l l  l i m i t  t h e  backface tempera- 

t u r e  t o  640'F. 

Capsule subsystems, due t o  out-gassing p r i o r  t o  e n t r y  and products  of decom- 

p o s i t i o n  during en t ry .  The thermal  c u r t a i n  w i l l  i s o l a t e  t h e  a e r o s h e l l  s t r u c t u r e ,  

s u r f a c e  l a n d e r ,  and a e r o s h e l l  equipment from t h e  e f f e c t s  of base  hea t ing .  

It s h a l l  a l s o  minimize i n t e r a c t i o n  wi th  t h e  o t h e r  F l i g h t  

Development S t a t u s  - A l l  materials s e l e c t e d  f o r  t he  e n t r y  h e a t  p r o t e c t i o n  

system are a v a i l a b l e ,  p rocess ing  procedures are def ined,  and f a b r i c a t i o n  

methods have been developed i n  conjunct ion wi th  the  s e l e c t e d  subs t ruc tu res .  

Addi t iona l  scale-up development i s  requi red  f o r  t h e  HCF nose cap material t o  
61 

6+ demonstrate t h a t  f a b r i c a t i o n  methods are s a t i s f a c t o r y  f o r  t h e  l a r g e r  s i z e d  

components. Addi t iona l  tests of thermodynamic, mechanical,  and e n t r y  h e a t i n g  

c h a r a c t e r i s t i c s  s h a l l  be measured t o  form a complete d a t a  base  f o r  designing 

the  h e a t  s h i e l d .  

4.2.2- 100 



4.2.2.10 Landing system. - The McDonnell Uni-Disc l a n d e r  conf igu ra t ion  

is a l a r g e  f l a t  d i s c  having a l o w  landing  s i l h o u e t t e  w i t h  a l o w  c.g.  and h igh  

landing  s t a b i l i t y .  This shape evolved p r imar i ly  from t h e  requirement f o r  

s t a b l e  landing  on extreme s u r f a c e  s lopes  and contours ,  and t h e  d e s i r e  t o  

s t a n d a r d i z e  t h e  concept f o r  v a r i e d  miss ions .  This  system weighs 128.4 lb .  

The l a n d e r  c o n s i s t s  o f  a s t r u c t u r a l  base p l a t fo rm t o  which are mounted 

t h e  Surface payload, t h e  te rmina l  d e s c k t  propuls ion  subsystem, and o t h e r  

Capsule suppor t  subsystems r equ i r ed  t o  c o n t r o l  descent  and landing.  An impact 

a t t e n u a t i o n  subsystem is  a t t ached  t o  the  underside of t h e  base  p la t form.  The 

gene ra l  arrangement i s  shown i n  F igure  4.2.2.10-1. 

This  conf igu ra t ion  has  been designed t o  t h e  fol lowing c o n s t r a i n t s  : 

a )  Provide s t a b i l i t y ,  s t r e n g t h  and ample f o o t p r i n t  t o  make success fu l  

landings  under t h e  fol lowing condi t ions  : 

o Slopes t o  34" 

o 

o Cones w i t h  s l o p e s  234" t o  h o r i z o n t a l  

o Surface  bea r ing  c a p a c i t i e s  of  6 p s i  t o  i n f i n i t y  

o Rocks of 5 i n .  diameter  o r  smaller 

o 

Ridges wi th  s l o p e s  534" t o  h o r i z o n t a l  

V e r t i c a l  and h o r i z o n t a l  v e l o c i t i e s  of 20 f t / s e c  and 5 f t / s e c ,  

o r  16 f t / s e c  and 10 f t / s ec  r e spec t ive ly .  

Cons t ra in  the  impact f e l t  by s u r f a c e  payload t o  <25 g o 

b )  Provide a low o v e r a l l  c.g.  o f  t h e  Lander t o  improve s t a b i l i t y  on 

landing .  

c )  F i t  i n s i d e  t h e  10.9 f o o t  diameter Aeroshe l l .  

d )  F i t  s u f f i c i e n t l y  forward i n  t h e  Aeroshe l l  t o  main ta in  an aerodynamically 

s t a b l e  c.g. f o r  t h e  e n t r y  veh ic l e .  

e) Provide a s t a b l e  p l a t fo rm a f t e r  landing .  

f )  Provide good s t r u c t u r a l  t i e s  and load  d i s t r i b u t i o n s  between t h e  

Aeroshe l l ,  t h e  l a n d e r  and the  adap te r  s t r u c t u r e .  
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h )  

Provide an  unobstructed landing  r ada r  antenna l o c a t i o n ,  p re fe rab ly  

bottom cen te r .  

Provide a descent  propuls ion  engine i n s t a l l a t i o n  w i t h  ample moment 

arms, loca ted  s o  as n o t  t o  impinge on o t h e r  p a r t s  o f  t he  l ande r .  

Be compatible wi th  c l ean  sepa ra t ion  from a e r o s h e l l .  

Provide a s imple pas s ive  system t h a t  i s  e a s i l y  s t e r i l i z e d  and can 

func t ion  a f t e r  long t i m e  exposure t o  a hard  vacuum. 

Use materials and techniques t h a t  are w i t h i n  t h e  s ta te  of t h e  a r t  t o  

minimize development r i s k  and cos t .  

Standardize as many subsystems as pract ical .  

Provide v e r s a t i l i t y  and growth c a p a b i l i t i e s .  

4.2.2.10.1 Phys ica l  c h a r a c t e r i s t i c s :  The landing  footpad is 63.7 inches 

i n  diameter.  This pad is 2.0 inches t h i c k  wi th  a turned-up o u t e r  l i p  t o  

f a c i l i t a t e  s l i d i n g  over  s m a l l  obs t ac l e s .  The footpad i s  made up of t i t an ium 

r a d i a l  beams, r i n g s  and lower sk in .  S u f f i c i e n t  s t r u c t u r a l  r i g i d i t y  i s  r equ i r ed  

t o  uniformly d i s t r i b u t e  impact loads  t o  the  c rushable  a t t e n u a t o r  when t h e  l ande r  

lands  on one edge o r  on peaks and r idges .  The nozz les  of t h e  te rmina l  descent  

engine nozz les  t h r u s t  downward through t h r e e  9.0 inch  diameter ho le s  i n  t h e  

footpad. These ho le s  are between t h e  r a d i a l  beam of  t h e  footpad. 

4 

The base p l a t fo rm i s  made up of  e i g h t  t i t an ium 1-beams, 2 inches deep, 

wi th  1 . 3  inch caps,  equa l ly  spaced i n  a r a d i a l  spoke arrangement as shown i n  

F igure  4.2.2.10-2. Maximum diameter is 62.7 inches.  

The impact a t t e n u a t o r  is i n s t a l l e d  between t h e  landing  footpad and t h e  

base  platform.  It is a crushable  cy l inde r  of aluminum honeycomb, such as 

"Trussgrid,"  10 inches  h igh  and 43.7 inches i n  diameter  wi th  a 1.6  inch  w a l l  

th ickness .  This a t t e n u a t o r  i s  bonded and mechanically keyed t o  both the  

footpad and t h e  base  p l a t fo rm through s t r u c t u r a l  channel r i n g s  t o  i n s u r e  t h e  

t r a n s f e r  of landing  loads .  

s t r e n g t h  of 75 p s i  and a dens i ty  of  3 . 3  l b / c u . f t .  

The a t t e n u a t o r  material is aluminum wi th  a crushing  
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Eight  t ens ion  cab le  pu l l ey  assemblies  are mounted t o  t h e  ends of  t h e  

r a d i a l  I-beams of  t h e  base  p l a t fo rm outboard of t h e  a t t e n u a t o r .  

t i e  t h e  footpad t o  the  base  p l a t fo rm and serve as p i v o t  po in t s  f o r  t h e  r i g i d  

footpad when i t  lands  on t h e  oppos i t e  edge. 

about t h i s  p o i n t  t h e  e n t i r e  c rushable  a t t e n u a t o r  is p u t  i n t o  compression, thus  

e l i m i n a t i n g  t ens ion  loads  a c r o s s  t h e  bond between t h e  a t t e n u a t o r  and ad jo in ing  

These cab le s  

By fo rc ing  the  footpad t o  r o t a t e  

s t r u c t u r e .  A s  t h e  a t t e n u a t o r  crushes,  t he  s p r i n g  loaded cab le  pu l l ey  assemblies  

t ake  up t h e  cab le  s l a c k  and one-way r a t c h e t s  prevent  cable  lengthening.  This 

i n su res  a r e p e a t  a t t e n u a t i o n  c a p a b i l i t y  should t h e  Lander bounce and l and  on 

t h e  oppos i t e  edge. I n  a d d i t i o n ,  t h i s  continuous snugged-up cond i t ion  of t h e  

s t r u c t u r e  and the  impact a t t e n u a t o r  i n su res  a t t e n u a t i o n  of t h e  h o r i z o n t a l  

v e l o c i t y  loads  through t h e  a t t e n u a t o r .  (These h o r i z o n t a l  loads  may a l s o  be 

d i s s i p a t e d ,  i n  p a r t ,  through f r i c t i o n  between t h e  footpad and t h e  Mars s u r f a c e  

when s l i d i n g  occurs . )  

B Secondary s t r u c t u r e s  are used t o  support  va r ious  e l e c t r o n i c  equipment as 

w e l l  as t h e  te rmina l  descent  propuls ion tankage. 

Eight  aluminum channel beams connect t he  ends of t he  e i g h t  primary r a d i a l  

I-beams of  t h e  base p la t form,  forming a p e r i p h e r a l  octagon shape. The te rmina l  

descent  system tanks are supported from the  r a d i a l  I-beams of  the  base  p la t form 

by tubu la r  s t r u t s  i n  a manner t o  a l low f o r  thermal v a r i a t i o n s .  

The te rmina l  descent  motors are mounted t o  t h e  r a d i a l  I-beams of t he  base  

platform.  The te rmina l  descent  propuls ion  system i s  shown i n  Figure 4.2.2.10-1. 

4.2.2.10.2 Landing system opera t ion :  A t  a p o i n t  10 f e e t  above t h e  Mars 

s u r f a c e  the  te rmina l  descent  engines  are c u t  o f f  a l lowing the  l ande r  t o  f r e e  

f a l l  from t h a t  he igh t .  

- +5" a t t i t u d e  e r r o r  from uneven engine ta i l  o f f ,  t h e  lander  may be r o t a t e d  

as much as 10" from h o r i z o n t a l  on impact. This 10" t i l t ,  when coupled wi th  

landing  on a 34" s lope ,  imposes an equipment i n s t a l l a t i o n  c l ea rance  l i n e  of 

44" as shown on Figure 4.2.2.10-3. 

Because of t h e  25" v a r i a t i o n  i n  t r a j e c t o r y  ang le  and a 

In  the  case of a s t r a i g h t  f l a t  impact a t  zero h o r i z o n t a l  v e l o c i t y  on a 

l e v e l  s u r f a c e ,  t h e  footpad d i s t r i b u t e s  t h e  loads  uniformly t o  the  c rushable  
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a t t e n u a t o r .  

by t h e  Surface payload and a s soc ia t ed  equipment dur ing  landing  impact t o  no 

more than  25 g. 

up t h e  s l a c k  cable  c rea t ed  by c rushing  the  a t t e n u a t o r .  

The a t t e n u a t o r  absorbs s u f f i c i e n t  energy t o  reduce t h e  loads  f e l t  

In t h i s  case t h e  e i g h t  t e n s i o n  cab le  assemblies merely r o l l  

The landing  r ada r  antenna which is mounted t o  t h e  bottom c e n t e r  of  t h e  

footpad, t h e  f r a n g i b l e  nozz les  of  t h e  te rmina l  descent  engines ,  and the  r a d a r  

altimeter antenna are crushed dur ing  landing.  

For the  case of  an o f f - cen te r  landing  on a s lope ,  r i dge  o r  peak, coupled 

wi th  h o r i z o n t a l  v e l o c i t y  the  ope ra t ion  is as fo l lows:  

The o f f - cen te r  ver t ical  load  outboard of t h e  a t t e n u a t o r  r i n g  is in t roduced  

through the  footpad t o  the  a t t e n u a t o r .  Because the  footpad is a s t i f f  s t r u c t u r e  

i t  would begin t o  r o t a t e  about the  p a r t  o f  t h e  a t t e n u a t o r  n e a r e s t  t h e  impact 

p o i n t  i f  n o t  r e s t r a i n e d  by the  t ens ion  cable  assemblies .  This r o t a t i o n  of t he  

footpad would p u t  t ens ion  loads  on the  bond between t h e  a t t e n u a t o r  and t h e  

footpad on the  s i d e  oppos i t e  t he  impact po in t .  

a t t e n u a t o r  s e p a r a t i o n  and only l o c a l  crushing of t he  a t t e n u a t o r  r ing .  Use of 

t h e  t ens ion  cables  prevents  t h i s  s epa ra t ion  and fo rces  the  c rushable  r i n g  t o  

compress over  i t s  e n t i r e  area. 

tl 

This would cause footpad/  

The one-way r a t c h e t e d  cab le  pu l l eys  keep t h e  footpad t i g h t  a g a i n s t  t h e  

a t t e n u a t o r  and keep t h e  system ope ra t iona l  dur ing  bouncing o r  s l i d i n g .  The 

base  p l a t fo rm provides  a r i g i d  s t r u c t u r a l  backbone and reacts t h e  loads  i n t r o -  

duced by the  a t t e n u a t o r  and the  t ens ion  cab le s  through t h e  r a d i a l  I-beams. 

When the  l ande r  has come t o  rest, s h o r t  s t a b i l i z i n g  l e g s  are extended t o  

minimize d is turbances  during the  landed opera t ions .  These l e g s  are mounted 

f l u s h  wi th  t h e  underside of  t he  impact footpad, s o  as n o t  t o  be damaged on 

impact o r  during s k i d  ou t .  The shoe of t h e  s t a b i l i z e r  is a t t ached  t o  a s p r i n g  

loaded s c i s s o r s  mechanism, which i s  h e l d  i n  the  stowed p o s i t i o n  by a b o l t  

extending through a pyro technic  b o l t  c u t t e r .  The t h r e e  s t a b i l i z e r s ,  when 

s imultaneously r e l eased ,  extend downward u n t i l  meeting a 50 pound r e s i s t a n c e ,  

o r  u n t i l  they are f u l l y  extended t o  1 2  inches.  A one-way r a t c h e t  mechanism 
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locks  t h e  s t a b i l i z e r  a t  any p o i n t  through i ts  s t r o k e ,  a l lowing it t o  suppor t  

i ts  f u l l  p o r t i o n  of  t he  l ande r  weight.  Figure 4.2.2.10-4 shows t h e  mechanical 

d e t a i l s  o f  t h e  landing  system. 

4.2.2.10.3 I n t e r f a c e s :  There are two s e p a r a t i o n  i n t e r f a c e s  on the  l ande r .  

These are Aeroshe l l  t o  l a n d e r ,  and l ande r  t o  adapter .  

Aeroshe l l  t o  Lander - This  system c o n s i s t s  o f  e i g h t  s e p a r a t e  bipod t r u s s e s  

which are a t t a c h e d  and hinged t o  t h e  Aeroshel l  a t  s i x t e e n  p l aces  on t h e  second 

(payload at tachment)  r ing .  

t o  provide maximum c learance  f o r  l ande r  s epa ra t ion .  The apexes of t h e  bipods 

a t t a c h  t o  t h e  ends of the  r a d i a l  I-beams of  the  l ande r  s t r u c t u r a l  base.  Four 

o f  t he  bipods,  spaced 90" a p a r t ,  are t i e d  t o  the  l a n d e r  I-beams (by exp los ive  

b o l t s )  t o  c a r r y  both t ens ion  and compression loads .  

have "ba l l "  ends which are s e a t e d  i n  sockets  a t  t h e  ends of t h e  base  p l a t fo rm 

I-beams and al low t r a n s m i t t a l  of compression loads  only.  

capable  of  ca r ry ing  s i d e  o r  shea r  loads  i n  the  p lane  of t he  bipod. 

are a d j u s t a b l e  t o  make up f o r  manufacturing to l e rances  and meet pre-load 

requirements.  These bipods are shown i n  Figure 4.2.2.10-5. The s e p a r a t i o n  

p rov i s ions  weigh 13.3 lb. 

These bipods are s p r i n g  loaded t o  swing outboard 

The remaining four  bipods 

A l l  e i g h t  bipods are 

A l l  bipods 
w 

Lander t o  Adapter - On the  upper s u r f a c e  of t he  ends of t h e  e i g h t  primary 

r a d i a l  I-beams of the  l ande r  base p la t form s t r u c t u r e  are e i g h t  explos ive  b o l t s  

t h a t  a t t a c h  the  l a n d e r  t o  t h e  adap te r  truss s e c t i o n ,  as shown i n  Figure 

4.2.2.10-6. This  equipment weighs 9.8 l b  . 
- Lander Separa t ion  - A f t e r  de-orbi t  motor f i r i n g  and j e t t i s o n i n g ,  t h e  

parachute  i s  deployed a t  23 000 f e e t .  

are c a r r i e d  through t h e  remaining s e c t i o n  of  t h e  de-orbi t  motor mounting 

s t r u c t u r e .  
p la t form a t  t h e  same four  p o i n t s  as the  de-orb i t  motor mounting t r u s s .  

t h e  parachute  i s  deployed, t h e  Aeroshel l  t o  l a n d e r  i n t e r f a c e  ties are broken 

by f i r i n g  four  pyro technic  b o l t s  a l lowing t h e  Aeroshe l l  and t h e  l ande r  t o  

be sepa ra t ed  by d i f f e r e n t i a l  aerodynamic drag. 

0.5 seconds a f t e r  t h e  success fu l  s t a r t i n g  of t h e  te rmina l  descent  engines ,  

the  parachute  is j e t t i s o n e d  by a c t i v a t i n g  the  f o u r  exp los ive  b o l t s  a t t a c h i n g  

The parachute  c a t a p u l t  r e a c t i o n  loads  

t r u s s  

Parachute  harness  assembly l i n e s  are a t t ached  t o  t h e  l ande r  base 

A f t e r  

A t  an a l t i t u d e  of 6500 f e e t ,  
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t he  de-orbi t  motor support  s t r u c t u r e  t o  t h e  lander .  The parachute  carries the  

de-orbi t  motor mounting t r u s s  and the  thermal c o n t r o l  c u r t a i n  away wi th  it. 

4.2.2.10.4 Impact sensor :  The impact system incorpora tes  a mechanical 

sensor  t o  s i g n a l  impact. 

u t i l i z e s  t h e  s t r o k i n g  of the a t t e n u a t o r  o r  the r o t a t i o n  of t h e  t ens ion  cab le  

pu l l ey  assemblies  t o  i n i t i a t e  t he  func t ion .  This subsystem is rugged and 

unsuscept ib le  t o  premature opera t ion .  

This sensor  is a probe o r  break w i r e  subsystem t h a t  
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4.2.2.11 Can i s t e r  and adapter .  - The func t ion  of t h e  s t e r i l i z a t i o n  

c a n i s t e r  is  t o  main ta in  s ter i le  condi t ions  of t h e  l ande r ,  capsule  and 

a s soc ia t ed  equipment from t e rmina l  s t e r i l i z a t i o n  u n t i l  c a n i s t e r  s epa ra t ion .  

The func t ion  of t h e  adap te r  is t o  j o i n  t h e  capsule  t o  t h e  c a n i s t e r  and t o  

provide f o r  t r a n s f e r r i n g  capsule  i n e r t i a  

face.  

loads  t o  t h e  c a n i s t e r / a d a p t e r  i n t e r -  

The c a n i s t e r  conf igu ra t ion  shown i n  F igure  4.2.2.11-1, c o n s i s t s  of 

forward and a f t  aluminum semi-monocoque s h e l l  s t r u c t u r e s  mechanically jo ined  

a t  t h e  f i e l d  j o i n t  r i ng .  The c a n i s t e r  has  a maximum diameter  a t  t h e  separa- 

t i o n  p lane  of 138.30 i nches  and a maximum he igh t  of 87.20 inches.  A separa- 

t i o n  device  is  contained between each canister s e c t i o n  f i e l d  j o i n t  r i n g  

f lange .  I n  add i t ion ,  p r e s s u r i z a t i o n  and vent ing  (P&V> equipment is i n s t a l l e d  

i n  t h e  c a n i s t e r  t o  prevent  excessive i n t e r n a l  c a n i s t e r  pressure .  
‘d 

The adapter  conf igura t ion ,  shown i n  Figure 4.2.2.11-2, c o n s i s t s  of 

a welded t r u s s  assembly mechanically a t t ached  t o  t h e  lander  a t  the  adap te r /  

capsule  i n t e r f a c e  and t o  t h e  c a n i s t e r  a t  t h e  c a n i s t e r / a d a p t e r  i n t e r f a c e .  

h 

4.2.2.11.1 Can i s t e r  systems: The canister system which weighs 174 lb  

c o n s i s t s  of s t r u c t u r e ,  s e p a r a t i o n ,  and p r e s s u r i z a t i o n  and vent ing.  

S t r u c t u r e  - The c a n i s t e r  s t r u c t u r e  i s  composed of two major s e c t i o n s  o r  

assemblies ,  as shown i n  F igure  4.2.2.11-1. Each s e c t i o n  c o n s i s t s  of an 

0.012 inch  aluminum s p h e r i c a l  segment s h e l l ,  an 0.040 inch  aluminum t o r o i d a l  

segment, and a f i e l d  j o i n t  r i ng .  Each f i e l d  j o i n t  r i n g  is a 7075-T6 aluminum 

machining. Titanium b o l t s  are used t o  mechanically j o i n  the  s e c t i o n s  a t  t h e  

f i e l d  j o i n t  r ing .  Externa l  aluminum r i n g s  and mer id iona l  s t r i n g e r s  s t i f f e n  

t h e  s h e l l s  and provide support  f o r  t h e  i n s u l a t i o n  b lanket  covering t h e  

e x t e r n a l  sur face .  A f i b e r g l a s s  window is  provided i n  t h e  forward s e c t i o n  f o r  

checkout of t h e  capsule  r ada r  altimeter a f t e r  s t e r i l i z a t i o n .  

The a f t  s e c t i o n  mates wi th  t h e  adap te r  and t h e  i n t e r f a c e  cone i n  

a d d i t i o n  t o  t h e  forward c a n i s t e r  s ec t ion .  Bo l t s  through t h e  canister w a l l  

are used t o  a t t a c h  t h e  adap te r  t o  f i t t i n g s  on t h e  i n t e r f a c e  cone. 

end of t h e s e  f i t t i n g s  is  b o l t e d  t o  t h e  o r b i t e r .  The i n t e r f a c e  cone t r a n s f e r s  

loads  from t h e  c a n i s t e r / a d a p t e r  i n t e r f a c e  t o  t h e  o r b i t e r .  

The o t h e r  

U s e  of t h e  i n t e r f a c e  
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CONCEPT II 
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cone minimizes pene t r a t ion ,  and t h e r e f o r e  leakage,  of t h e  canister w a l l .  

Leakage is  f u r t h e r  minimized by s e a l i n g  t h e  s t r u c t u r a l  j o i n t s  dur ing  

assembly wi th  RTV-560, a room temperature-curing, e l a s tomer i c  s e a l i n g  compound. 

Separa t ion  - Canister s e p a r a t i o n  is accomplished a t  t h e  f i e l d  j o i n t  r i n g  

by de tona t ing  a dua l  confined explos ive  s e p a r a t i o n  device  (CESD - t h e  device  

i s  redundant) which i s  sandwiched between t h e  f i e l d  j o i n t  r i n g  f l anges ,  as 

shown i n  Figure 4.2.2.11-3. The major elements of t h e  s e p a r a t i o n  system 

t h e  following: 

CESD - This  device  c o n s i s t s  of a mild de tona t ing  cord (MDC), 

pos i t i oned  by a Teflon ex t rus ion  i n  a s t a i n l e s s  steel  tub ing  which 

is  f l a t t e n e d  t o  t h e  shape o f t h e  groove i n  t h e  f i e l d  j o i n t  f lange .  

The CESD i s  made up of two 180" s e c t i o n s ,  s ea l ed  a t  each end f o r  

each groove. 

Stimulus Transfer  Tube - This device  con ta ins  an explos ive  f o r  

t r a n s f e r r i n g  t h e  de tona t ion  t o  t h e  CESD. 

Electro-Explosive Device (EED) 

Titanium B o l t s  - These b o l t s  mechanically a t t a c h  t h e  forward and a f t  

c a n i s t e r .  

Upon r e c e i p t  of an e lec t r ica l  s i g n a l  t h e  EED's are detonated,  followed by 

de tona t ion  of t h e  s t imulus  t r a n s f e r  tubes and then t h e  CESD. Detonation of 

t h e  CESD expands t h e  s teel  tube and e x e r t s  a f o r c e  between t h e  clamped 

f langes  of t h e  f i e l d  j o i n t  r i ng ,  which causes t h e  b o l t s  t o  f a i l  i n  t ens ion  

and t h e  forward s e c t i o n  of t h e  c a n i s t e r  t o  be e j ec t ed .  The t i t an ium b o l t s  

have t h e i r  head end d r i l l e d  t o  a depth which provides  t h e  d e s i r e d  breaking 

p o i n t  and breaking s t r eng th .  

from l eav ing  t h e  c a n i s t e r  forward h a l f ,  and t h e  nu t s  are r e t a ined  by nu t  

p l a t e s .  The c a n i s t e r  s epa ra t e s  a t  a v e l o c i t y  of from 1.25 t o  10 fps .  

The broken b o l t s  are cons t ra ined  by a r e t a i n e r  

P r e s s u r i z a t i o n  and Venting - The P&V equipment, as shown i n  t h e  schematic 

of F igure  4.2.2.11-4, maintains  t h e  i n t e r n a l  b i o - i n t e g r i t y  of t h e  c a n i s t e r  

and c o n t r o l s  i n t e r n a l  p re s su re  dur ing  te rmina l  s t e r i l i z a t i o n  u n t i l  capsule  

s e p a r a t i o n  i n  Mars o r b i t .  The major components and func t ions  of t h e  P&V 

equipment are : 

4.2.2-1 19 
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Vent Valves - Vent valves al low steri le gas t o  flow out  of t h e  

c a n i s t e r  dur ing  launch. 

Rel ie f  Valves - Pressu re  opera ted  r e l i e f  valves p r o t e c t  t h e  c a n i s t e r  

s t r u c t u r e  by l i m i t i n g  t h e  i n t e r n a l  p re s su re  t o  2.25 p s i .  

Purge and Evacuation Valves - These valves are used during decontami- 

n a t i o n  and s t e r i l i z a t i o n  cyc le s  on t h e  ground. 

Ear th  o r b i t  and remain open t o  b leed  o f f  any r e s i d u a l  p re s su re  o r  

outgassing.  

B io log ica l  F i l t e r s  - These f i l t e r s  are p laced  i n  series wi th  each 

of t h e  above valves t o  prevent  recontaminat ion of t h e  c a n i s t e r  

i n t e r i o r  i f  an inf low of gas through t h e s e  va lves  occur.  

P re s su re  Switches - D i f f e r e n t i a l  p re s su re  switches provide a s i g n a l  

t o  t h e  Operat ional  Support Equipment (OSE) t o  reduce p res su re  on 

t h e  ground and a s i g n a l  a f t e r  launch t o  c l o s e  t h e  ven t  valves when 

d i f f e r e n t i a l  p re s su re  f a l l s  below .50 p s i .  

They are opened i n  

Two each of t h e  above major components are incorpora ted  i n  t h e  P&V 

system s o  t h a t  no s i n g l e  f a i l u r e  can have c a t a s t r o p h i c  r e s u l t s .  

The OSE G a s  Serv ic ing  Unit i s  connected t o  t h e  purge and evacuat ion 

va lves  as soon as t h e  c a n i s t e r  is  closed i n  p repa ra t ion  f o r  t e rmina l  s t e r i l i z a -  

t ion .  It maintains  i n t e r n a l  p re s su re  from .5 p s i  t o  2.25 p s i  ( l i m i t  p r e s su re ) .  

4.2.2.11.2 Adapter s t r u c t u r e :  The 16.2 l b  adapter  s t r u c t u r e  is  a t r u s s  

assembly c o n s i s t i n g  of  16  aluminum tubu la r  members welded i n t o  an assembly 

which i s  a t t ached  t o  t h e  capsule  and canister a t  e i g h t  p o i n t s ,  as shown i n  

F igure  4.2.2.11-2. 

pa th  between t h e  capsule  and the  c a n i s t e r .  

capsule  when e i g h t  explos ive  b o l t s  are detonated.  

The t russ - type  design provides  a s h o r t  and s t i f f  load  

The adap te r  s e p a r a t e s  from t h e  

The adapter  i s  designed t o  support  t h e  capsule  f o r  ground handl ing,  

launch, and c r u i s e  loads,and t o  a l low f o r  j o i n i n g  o r  s epa ra t ing  t h e  capsule  

and c a n i s t e r  without  access doors i n  t h e  a e r o s h e l l  o r  i n  t h e  c a n i s t e r .  This  

i n s t a l l a t i o n  problem is  accomplished by designing adapter - to-canis te r  end 

f i t t i n g s ,  w i th  f i x e d  p l a t e  n u t s  on t h e  adapter  s i d e  of t h e  j o i n t ,  t o  permit 
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the adapter t o  be attached to the capsule. 

within the canister aft section. 

canister.rre instal led from outside the canister with sealing washers, to  

complete the installation. 

This assembly can then be instal led 

Bolts which attach the adapter to  the 

c 
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4.2.3 WEIGHT SUMMARY - The mass proper ty  d a t a  f o r  Concept I1 is presented  

i n  Figures  4.2.3-1 t h r u  4.2.3-4. 

F igure  4.2.3-1, provides  a weight breakdown by system a t  each e s s e n t i a l  po in t  

i n  the  mission p r o f i l e .  This  f i g u r e  has  the same format as the weight sum- 

mary c a l c u l a t e d  by our  automated weight program. 

and I n e r t i a  Summary, Figure 4.2.3-2, provides  C.G. and i n e r t i a  d a t a  f o r  t h e  

modules and t h e  t o t a l  v e h i c l e  a t  e s s e n t i a l  po in t s  a long t h e  mission p r o f i l e .  

This d a t a  is  a l s o  presented  i n  t h e  same format as i t  is c a l c u l a t e d  by our  

automated weight program. 

4.2.3-3, is a breakdown by system of t h e  landed payload weight. 

Weight Summary, F igure  4.2.3-4, p re sen t s  t h e  d a t a  from Figure  4.2.3-1 i n  a 

d i f f e r e n t  format. 

The Mission His tory  Group Weight Summary, 

The Center  of Gravi ty  (C.G.) 

The Surface  Payload Weight Summary, Figure 

The Capsule 

. . _  

4.2.3-1 
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CONCEPT I I  
C. G .  AND INERTIA SUMMARY 

a 

INERTIA'S ABOUT INDIVIDUAL C.G.'S (SLUG-FT~) 

LANDER (IMPACT) Z AXIS (ROLL) 58.76 X, Y AXIS(PITCH & YAW) 38.58 
AEROSHELL Z AXIS 120.15 X, Y AXIS 64.52 
LANDER t AERODECELERATOR Z AXIS 65.73 X, Y AXIS 49.19 
ENTRY DEORBIT MOTOR X, Y, Z AXIS 
PRE-DEORBIT MOTOR X, Y, Z AXIS 
ST E R l  L lZATl  ON CANISTER 

0.08 
0.61 

149.80 

CENTER OF GRAVITY VALUES (FEET; + IS FWD. OF AEROSHELL BASE PLANE) 

ST E R l  Ll ZATlON CANISTER -0.0 1 TOTAL CAPSULE -0.01 
AEROSHELL 1.0'5 LANDER a+ AERODECEL -0.06 
DEORBIT MOTOR -2.91 PR E-D EOR BIT V EHlC L E -0 .O 1 
ENTRY VEHICLE 0.17 LANDER (IMPACT) 0.04 

INERTIA'S ABOUT VEHICLE C.G. (SLUG-FT~) 

ENTRY VEHICLE Z AXIS 185.95 
PRE-DEORBIT VEHICLE Z AXIS 186.95 
TOTAL CAPSULE Z AXIS 336.28 
ENTRY VEHICLE X.Y AXIS 123.7 1 
PRE-DEORBIT VEHICLE X,Y AXIS 144.55 
TOTAL CAPSULE X, Y AXIS 294.35 

FIGURE 4.2.3-2 

SURFACE PAYLOAD WEIGHT SUMMARY (POUNDS) 

POWER & SEQUENCER 
EQUIPMENT 
WIRING 

EQUIPMENT 
WIRING 

EQU I PMENT 
WIRING 

T ELE COMMUNICATIONS (INCLUDING INSTRUMENTATION) 

SCIENCE 

STRUCTURE 
MOUNT1 NG PROW SlONS 
THERMAL CONTROL 

TOTAL WEIGHT 

PARAMETRIC 
(BASED ON 
SECTION 3.3.2) 

(78.2) 
66.9 
11.3 

(20.2) 
17.6 

2.6 
(34.4) 
30.0 
4.4 

34.8 
9.8 

32.5 

209.9 

POINT DESIGN 
(BASED ON 

SECTION 4.2.2) 

(84.0) 
72.0 
12.0 

(3 1 .O) 
26.6 
4.4 

(35.5) 
30 .O 
5.5 

31.5 
8.6 

24.8 

215.4 

4.2.3-3 
FIGURE 4.2.3-3 



CONCEPT I I  
CAPSULE WEIGHT SUMMARY (POUNDS) 

ST E RI L l  ZATlON C ANI STE R 
ADAPTER 
DEORBIT PROPULSION 

PROPELLANT 
INERT MOTOR 
MlSCE L L A N  EOUS 

STRUCTURE 
HEAT SHIELD 

STRUCTURE 
INTERNAL 

AEROSHELL 

ADAPT E R S E P AR AT I ON P R OV 15 ION S 
LAND E R SEPARATION PROVISIONS 

LANDING SYSTEM 
SURFACE PAYLOAD 

THERMAL CONTROL 
CANISTER 
AEROSHELL 
THERMAL CURTAIN 
LANDER 
SURFACE PAYLOAD 

ATTITUDE CONTROL SYSTEM 
FLIGHT CONTROL SYSTEM 

PROPELLANT 
HARDWARE AND MOUNTING PROVISIONS 
WIRING 

E L  E CTRON I CS 
RADAR 
GUIDANCE SYSTEM 
WIRING AND MOUNTING PROVISIONS 

PARACHUTE 
CLOTH AND LINES 
DEPLOYMENT, ATTACH, AND MISC. 

PROPELLANT 
GAS PRESSURANT 
HARDWARE AND MOUNTING PROVISIONS 
WIRING 

EQUIPMENT 
WIRING AND MOUNTING PROVISIONS 

EQUl PMENT 
WIRING AND MOUNTING PROVISIONS 

EQUIPMENT 
WIRING AND MOUNTING PROVISIONS 

TERMINAL PROPULSION 

POWER & SEQUENCER 

TELECOMMUNICATIONS (INCL.INSTRUMENTATl0N) 

SCIENCE 

TOTAL CAPSULE WEIGHT 

DTES: (1) USED EXISTING HARDWARE. 

PARAMETRIC 
(BASED ON 

SECTION 3.3) 

174.0 
16.2 

((81.0 1) 
57.4 
16.1 
7.5 

((174.0 1) 
91.2 
82.8 

((186.3)) 
(23.1) 

9.8 
13.3 

128.4 
39.8 

((102.5)) 
26.5 

4.2 
13.4 
25.9 
32.5 

(( 156.4)) 
(40.6) 

4.7 
30.9 

5.0 
(115.8) 

55.1 
37.0 
23.7 

(( 40.1)) 
23.3 
16.8 

((208.7)) 
88.9 

1.1 
112.3 

6.4 
((146.0)) 

117.2 
28.8 

((97.3)) 
74.5 
22.8 

((67.3)) 
53.0 
14.3 

1449.8 

POINT DESIGN 
(BASED ON 

SECTION 4.2.2) 

174.0 
16.2 

((80.5)) 
6 1.2 
11.8 
7.5 

(( 174.0)) 
91.2 
82.8 

(( 183.0)) 
(23.2) 

9.8 
13.3 

128.4 
31.5 

((94.8)) 
26.5 

4.2 
13.4 
25.9 
24.8 

(36.8) 
4.4 

27.4 
5.0 

(1 19.6) 
57.1 
37.0 
25.5 

((40.1)) 
23.3 
16.8 

((220.4)) 
88.0 

1.4 

6.4 
(( 163.5)) 

127.7 
35.8 

((73.1)) 
55.0 (2) 
18.1 

((69.2)) 
53.0 
16.2 

1445.2 

(( 156.4)) 

124.6 (1) 

(2) EQUIPMENT INTEGRATED - SPECIFIC DATA REQUIREMENTS RE-EVALUATED. 

FIGURE 4.2.3 
4.2.3-4 




